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Here’s why they switched... 


grey iron: 21 Ibs. 


magnesium: 5.1 lbs. 


A switch in materials brought about this 75% cut in weight! It was a job magnesium took in 
stride—lightening a 5 h.p. electric motor for aircraft use. 


One group of parts—motor housing, bearing brackets, fans—weighed 21 pounds in cast grey 
iron. Magnesium sand castings brought that weight down to 5.1 pounds...a saving of 15.9 
pounds! Rigid tests and extensive use proved the application a complete success—another of 
magnesium's many product-improving achievements, 


Progressive designers and manufacturers have made great strides in magnesium application, 
and many industries are following suit with equal success. Dow engineers, available through 
the nearest Dow office, offer valuable technical aid in the use of this lightest structural metal. 


























This tapping operation on a Modern magnesium applica- Uniformity is maintained by ‘ 
radial aircraft engine is one tions include many such units close attention to such details ‘| 
of the standard procedures as this oil tank, its parts being as the inspection of these Dow , { 
for machining magnesium. joined by gas welding. magnesium sand castings. 
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Many of the laminated plastics can be cut, machined and formed 


like metals. Here a workman is sawing laminated plastic tubing 





preparatory to further machining. (Courtesy: Bakelite Corp.) 
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‘The whole world is breaking its 
neck trying to emulate American pro- 
duction methods, and we're breaking 
our necks trying to run away from 
them.” So spoke Eric A. Johnston 
recently. “The American union today 
which does not believe in full pro- 
duction is doomed to oblivion as 
omething anti-social. The progres- 
sive viewpoint is one which puts 
production paramount and condemns 
the creed of scarcity as something to 
be dropped down a sinkhole.” 

Mr. Johnston lashed out against the 
opposition of many unions to incen- 
tives to production. He pointed out 
that the British prime minister called 
bn British unions to drop any cus- 
toms or rules which might hamper 
full production. He called on em- 
ployers to do the same. France, too, 
has a pro-labor government, but even 
France is determined to raise its pro- 
ductivity per worker. French unions 
are underwriting full production. 
Even Communistic Russia is em- 
ploying capitalistic techniques in an 
all-out drive for production, contin- 
ued Mr. Johnston. Russia has recog- 
nized the value of incentives and 
pone to extremes with them. There 
8a much greater difference between 
he income of the mediocre worker 
and the highly productive worker in 
Russia than in the United States. 
Leaving Mr. Johnston, we learn 
hat in Russia the prices of all manu- 


Facture goods were reduced an aver- 
age of 40% on July 1—again a strik- 
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by Harold A. Knight News Editor 


Anyway You Figure It: 












Production Frontiers 





Production Is the Need 


ing difference from price trends in 
our nation. 

Need for ever-increasing produc- 
tion here is still the major topic 
where economists, politicians and 
management engineers congregate. 
We began the second half of 1946 
with basic industries behind schedule 
on a scale from 21% for coal to over 
73% for the automotive industry, 
according to the National Associa- 
tion of Manufacturers, which com- 
ments that since V-J Day 100,000,- 
000 man-days have been wasted in 
strikes. Production of refined copper 
was 52% behind 1945; steel produc- 
tion lagged more than 40% behind 
practical capacity. 

Another recognized economist com- 
ments on the “deplorably poor job 
of production” for the first half year 
—Leonard P. Ayres, vice president, 
Cleveland Trust Co., who cites drops 
of 27% tevenue ton miles of Class 
1 railroads, 22% in bituminous coal 
production and 37% in steel produc- 
tion. The worst production records 
are credited, in that order, to auto, 
sewing machine and refrigerator out- 
put. “We are trying to have a low 
production prosperity, and it can’t be 
done,” he concludes. 


Overall Output Is Distinctly Higher 

On the brighter side is the report 
of John D. Small, Civilian Produc- 
tion Administrator, who reported 
that our industrial output in June 
rose to a new post-war high, with 





prospects for July having reached the 
all-time pre-war record achieved in 
December, 1941. However, the June 
production was spotty with “good 
news for housewives”, but less cheery 
word for the motorist and the farmer. 
June’s good showing was due largely 
to swift comebacks in the coal and 
steel industries, high output of many 
items of consumers’ durable goods, 
and steady climb of building materi- 
als, especially lumber. 

To these statistics and opinions of 
others we might add our own com- 
ments as to the benefits of high pro- 
duction. Goods and services are the 
only tangible forms of wealth. Money 
is only a symbol of wealth and these 
symbols are very fickle. Not many 
years ago gold was the apple of one’s 
eye. But see how many countries 
have gone off the gold standard. And 
in several countries silver is the fa- 
vored monetary metal. The world is 
ever floundering around for other 
monetary symbols—uranium being 
one of the latest suggestions. 

Recall what we quoted in our July 
issue from E. M. Voorhees, chairman 
of finance, U. S. Steel: “The enor- 
mous pile of paper claims—hand 
money, bank deposits, government 
bonds, etc.— is not a criterion of pros- 
perity, for that pile was accumulated 
in creating goods and services that 
were destroyed during battle.” 

It is actual goods that are wealth. 
The manure pile in the front yard of 
the French peasant is of infinitely 
more value than many of France's 
bonds in recent years. When inter- 
national or national financing gets 
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Stainless steel beautifies new models 


The gleaming trim on this new model car 
attracts as much customers’ attention as the 
powerful engine, shining paint job, and lux- 
urious upholstery. With a competitive market 
in the offing, stainless steel trim offers a selling 
point not to be overlooked. Since the metal is 
not brittle, it does not break on impact. There 
is no plating to wear off—this trim is solid 
stainless steel. The trade-in value of this car 
will not be impaired by rusty, dull metal, as 
stainless steel is highly resistant to rust, cor- 
rosion, and scratches. 

If you are interested in the use of stainless 
and other alloy steels, not only for decorative 
purposes, but for any service where a hard, 
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corrosion-resistant metal is needed, ask to 
receive our monthly publication, ELECTROMET 
REVIEW. For further information on the produc- 
tion, properties, and fabrication of these steels, 
write our Technical Service Department. We 
do not make steels, but we do produce the 
alloys which give these metals their beauty, 
durability, and resistance to heat and corrosion. 


ELECTRO METALLURGICAL COMPANY 


Unit of Union Carbide and Carbon Corporation 


UCC) 
30 East 42nd Street, New York 17, N. Y. 


In Canada: Electro Metallurgical Company 
of Canada, Limited, Welland, Ontario 
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too confused, barter always saves the 
jay—berter of one type of goods or 
services for another. There was con- 
jiderable amusement when shortly 
before World War II the Germans 
sent thousands of harmonicas into 
South America. Smile, if you like, 
but harmonicas bought goods in re- 
wurn which German marks could not 
have done. 

So, a large stock of goods in the 
United States is our best security in 
troubled times—with such stocks, 
rimes will no longer be troubled. 
Large production of those goods is 
the key to real prosperity. 


Big Business Expounds on Labor 


When the textbooks of the future 
on economics are written for the 
school and college boys and girls 
several chapters, as usual, will be de- 
voted to labor-management relations. 
Much space will be given to the peri- 
od of labor unrest immediately fol- 
lowing World War II. Prominent in 
the exposition will be the long strike 
at the Westinghouse Electric Corp. 

We already know much that will 
go into those books from a talk by 
Gwilym A. Price, Westinghouse 
president, who took several trade 


magazine editors behind the scenes in © 


a 9-page dissertation at a recent 
luncheon. His subject was: “Man- 
agements Right to Manage”. Here 
is one of the largest corporations— 
and its experiences may be regarded 
as typical. We will pick out some of 
his statements at random. 

‘Unions represent large masses of 
people, with power invested in an 
elected few. Therefore, it is vital, we 
think, that unions must be genuinely 
democratic institutions led by wise 
leaders. At our East Pittsburgh plant 
at a meeting for the election of union 
committee chairmen only 275 out of 
\7,000 voting members were present 
to cast ballots. At the last Presiden- 
tial election the American people 
were chided because a mere 50% had 
gone to the polls. But here is a case 
where only 114% voted at an im- 
portant election. 

“But management can do nothing 
because of the stringent restriction 
of the Wagner Act. It is up to the 
unions themselves to make: their 
Organizations working examples of 
democracy and wise leadership. 

During the strike we were ac- 
cused of attempting to ‘bust’ the 
nion. The company’s attitude to- 
ward its employees is based on three 
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principles: A right to employment 
regardless of affiliation with any re- 
ligious, fraternal, labor, political or 
social organization; recognition of 
the right of the employee to de- 
termine the form of representation 
he considers advisable; a desire and 
interest on the part of management 
for the opportunity to discuss sub- 
jects of collective bargaining with 
authorized employee representatives. 











“My main love is metallurgey—that’s 


all that matters—lI don’t care whether 


you pay me 400 or S500 a week!” 





“Unions serve a needed function 
as a bargaining unit, a. collective 
spokesman, which can express the 
united wishes of the great mass of 
workers. Unions serve in other ways. 
They make it necessary for manage- 
ment’s policies to be more stable and 
more adequately defined and more 
consistent throughout the company’s 
plants in different cities. Unions can 
help solve minor grievances in their 
early stages and prevent their becom- 
ing major problems. 

“Though quantitative figures are 
not yet available for the situation 
two months after the strikes’ end, va- 
rious managers say that productivity 
has increased. There is noticeable 
improvement in the attitude of 
workers toward their jobs. Absen- 
teeism is less and quality of work is 
better since the number of rejects 
during inspection has dropped sig- 
nificantly. Employees usually show 
greater willingness to work. 

“Our employees will continue to 
receive the best wages in the elec- 


trical manufacturing industry. The 
right to manage remains in man- 
agement’s hands. Relationships be- 
tween management, the union and 
employees has been clarified to the 
benefit of all. The gains more than 
justify the long and bitter struggle.” 


One of the War's Great Men 


Many interesting personages did 
we meet during the war, such as two 
Presidents, Henry J. Kaiser and Leon 
Henderson. One of the most intrigu- 
ing of all was the “copper man” 
whom we encountered at Wright 
Field, Dayton, Ohio. A rugged fel- 
low, he—who had doubtless eaten 
spinach, abstained from nicotine and 
alcohol, and seen his dentist twice a 
year. 

This ingenious mechanical man, in 
which the human temperature was 
reproduced under a wide variety of 
unusual conditions, simulating those 
encountered by airmen, contributed 
much scientific information on how 
to keep human beings warm. The 
copper-covered robot has “skin” 
1/16-in. thick in which the varying 
remperatures of different parts of the 
human body are duplicated. “Coper- 
nicus,” as we like to call him, was 
chiefly instrumental in development 
of electrically-heated flying suits. 
There was said to have been con- 
siderable rivalry between Copernicus 
and human guinea pigs whom we 
saw through peepholes in the cham- 
ber where inside air had been rari- 
fied and brought down to perhaps 
minus 50 F. 

We had almost forgotten the cop- 
per man until we read in the Gen- 
eral Electric Review that he has been 
“reconverted” and is now playing an 
important peace-time role. 

Somehow this copper man _ has 
gripped us, intrigued us—perhaps 
thrown his evil eye upon us una- 
wares and has us under his spell. We 
want to write poetry about him— 
we're that bad off. We can start off, 
but somehow the poem just won't 
“jell.” Someplace among our read- 
ers there beats a romantic heart, 
buried among test tubes, slide rules, 
pyrometers and calipers, gifted with 
poetic verse and fantasy. 

Who will finish this poem, apolo- 
gies to Longfellow? 

“Blessings on thee, copper man, 

Barefoot boy, with cheeks of tan—” 

For the best poem submitted, with 
possible eye to’ publication, we will 
award a silicon carbide bath sponge. 
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SHARONSTEEL 


O HELP fabricators minimize idle machine 
time by making possible longer and 
smoother runs, Sharon furnishes coils of high 
quality Sharon Stainless weighing up to 300 
pounds per inch of width. Coil sizes are suited 
to customer requirements. Shipments are_pack- 


aged on skids for easy, quick handling. 


Qualified Sharon sales engineers will be glad 
to assist you in the selection of the proper steel 
for your specific problem, and to show you how 
Sharon’s careful packaging can help increase 


your production efficiency and lower costs. 


Call or write our home office or the nearest 
Sharon field office today. 


SHARON STEEL CORPORATION 


Sharon. Pennsyluania 





Subsidiaries: Niles Rolling Mill Company, Niles, Ohio 
Detroit Seamless Steel Tubes Company, Detroit, Michigan 


District Sales Offices: Chicago, Ill., 
Cincinnati, O., Cleveland, O., Dayton, O.. 
Detroit, Mich., Indianapolis, Ind., Los Angeles, Calif., 
New York, N. Y., Philadelphia, Pa., Rochester, N. Y., 
San Francisco, Calif., St. Louis, Mo., 
Montreal, Quebec, Toronto, Ontario. 
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cehoes of “42—Get Out the Scrap! 


“Open-hearth furnaces are being 
of for lack of iron and steel 


taken fOr 
grap. This is at a time when we 
can ill afford any further interrup- 


tion of steel production. We are ask- 
ing industry through its executives to 
immediately institute a survey of all 
properties for sources of scrap and 
1o arrange to immediately collect and 
move its scrap into material supply 
lines. Our program needs the sup- 
port of your worthy publication. 
Please give this drive maximum pub- 
licity. Your full support will help 
to keep the mills continually and 
sufficiently supplied.” 

Such was a telegram received re- 
cently from J. D. Small, Administra- 
tor of Civilian Production Adminis- 
tration. It is all reminiscent of the 
scrap and salvage crisis of 1942-43. 

Meanwhile, the American Iron & 
Steel Institute has sent out an appeal, 
stating that both production scrap 
and dormant scrap are needed. The 
latter includes obsolete machine tools, 
equipment, jigs, dies, fixtures, etc. 
The Institute urges that again, as in 
1942, each steel-using company ap- 
point a top executive, with author- 
ity to make decisions, to set up a 
salvage committee to speed the flow 
of scrap that is generated in the 
normal process of manufacturing, 
and make surveys for untapped 
sources of dormant scrap. 

The scrap should be sorted and 
turned over to the company’s regu- 
lar scrap dealers, states the Institute. 
It is important to act now in view 
of the approach of winter when the 
scrap movement in the North is 
slowed by adverse weather. On Aug. 
| scrap inventories at steel mills were 
low and incoming shipments were 
35 to 40% below requirements. 

To which we might add some of 
our Own comments. Mr. Small of 
CPA told us at mid-June: “We've 
got to bring battle scrap to this 
country from foreign war theaters 
even though the transport cost is 
gteater than its value.” He did not 
state who will finance such an un- 
economical movement, though per- 
haps if OPA allows scrap to reach 
its normal price level, that will be 
taken care of. 

Another reason for the scrap short- 
age may be hoarding on the part of 
dealers and other holders in antici- 
pation of higher prices. Still another 
feason is the fact that less -produc- 


tion scrap is being produced because 
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of more economical practice at man- 
ufacturing plants. One automobile 
maker, for instance, welds together 
small pieces for a useful auto part, 
pieces that would formerly have been 
scrapped. Again, the tendency to 
make steel items lighter in weight 
causes less relative scrap tonnage to 
be produced. Finally, we combed out 
so much accumulated scrap in the 
1942-43 campaign that not much 
remains—such as abandoned railroad 
and trolley tracks. 


Girlie Leaves the Steel Plant 


You and I who visited plants dur- 
ing the war were often impressed 
by the large percentage of women 
performing men’s jobs. When the 
industrial history of World War II 
is written, a mighty big place and 
lots of credit will go to the fairer 
sex. True, they did not perform as 
spectacularly as did Balkan women, 
who rolled boulders down moun- 
tains upon the oncoming enemy, or 
as Russian women, who killed Ger- 
mans with greatest of ease in the 
front lines with the men. 

Nonetheless, American women’s 
performance was just as important. 
Often, of course, she had too much 
lipstick on for serious plant work; 
her slacks were a bit too tight about 
the seat; and often she may have 
been too flirtatious. But the great 
majority were serious and efficient. 
Many had husbands, brothers and 
sweethearts where the guns were 
booming. 

The above outburst has been pro- 
voked, or inspired, by an apparently 
remarkable young lady, Miss Helen 
Cooper, Gary, Ind., who worked for 
the American Bridge Co. and whose 
photo and “Farewell Letter of a 
Woman War Worker” appear in 
the July issue of U. S. Steel News. 
Listen to some of her outpourings, 
apparently straight from her heart. 

“I have been with A. B. Co. for 
34% years. At first I lacked confi- 
dence in myself and my ability, for 
I was a girl in a man’s environment 
—in a man’s world, a steel plant. It 
was two gold stars in the family that 
led me into steel. Next week I will 
be back in my home again. These 
war plant years I wouldn't have 
missed for anything. Here I learned 
more than I ever could have learned 
in an office. I don’t mean in just run- 
ning a crane efficiently. I’ve learned 
about safety, machinery, power, elec- 
tricity, being alert and on my toes, 


to control my nerves during an 
emergency. I’ve learned a lot about 
human nature and salesmanship 
(Red Cross, etc. solicitations). 

“I've learned that if an individual 
shows interest in his work he can 
get ahead by his efforts, hard work, 
ingenuity and ability. I’ve learned 
to cooperate, and have developed a 
deeper insight in my fellow men. I 
have developed a sense of security, 
a feeling of pride in ability, knowing 
I had the trust and confidence of my 
fellow workers. I've learned that a 
smile and friendly greeting really 
start a day off right. 

“Some of the things that I have 
helped build will be all over the 
world; perhaps monuments that will 
stand long after my life is ended. I 
shall miss the old timers and their 
stories ‘way back when.’ 

“If I were to take a Gallup poll 
of our shops, I think the highest rat- 
ing would be given the company’s 
truthfulness and frankness. We get 
a straight answer from manage- 
ment. They don’t beat about the 
bush. They even ask our opinion. 

“I have written this letter to let 
you know how much I have appre- 
ciated the consideration, kindness 


and interest which the American 


Bridge Co. has shown me. I shall 
never cross a steel bridge that my 
heart won't beat a bit faster and 
perhaps a lump come in my throat.” 


Chit Chat Re This and That 


A new and more stable monetary 
system could be based on uranium 
instead of gold, suggests Prof. Far- 
rington Daniels, director, metallurgi- 
cal laboratory, University of Chicago. 
Uranium is now perhaps the most 
valuable of all elements. A given 
quantity is equivalent to a definite 
number of kilowatt hours of energy. 


A Norwegian farmer plows his 
field with a motor boat. Living on 
the Kils Fjord in Sunnmore, this son 
of the soil has a field close to the 
fjord’s edge. He rigged up a system 
of cables and blocks, backs his motor 
boat up to the shore, hooks on and 
plows away. With a long cable and 
pulley at the far end of the field he 
has only to signal his “seagoing 
horse” (power) and another fur- 
row is plowed in the opposite direc- 
tion. He does not have to breathe 
dust, has no bunions on his feet, and 
greets his friends with the Nor- 
wegian equivalent of “Ship Ahoy.” 
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News of 


Engineers 


Companies 


Societiom 





Engineers 


Dr. Henry H. Hausner, consulting engi- 
neer for electrical engineering, powder 
metallurgy and high frequency ceramics, 
was recently appointed research associate 
with New York University, research de- 
partment. 


George W. Kurachek, formerly foundry 
metallurgist, Wright Aeronautical Corp., 
is now assistant foundry superintendent, 
Castalloy Co., Inc., Cambridge 42, Mass. 


Emil Kern has been made chief engineer, 
Allegheny Ludlum Steel Corp., with head- 
quarters at Brackenridge, Pa. He was edu- 
cated in Germany and came to the United 
States in 1926 as an exchange engineer, 
joining the Mesta Machine Co., staying 
until 1945. He was also chief mechanical 
engineer with Reynolds Metals Co. 


Charles Tichy, plant manager of the ex- 
trusion plant at Louisville, Ky., of the 
Reynolds Metals Co., has taken charge of 
the Phoenix, Ariz., extrusion plant leased 
from the government. He has invented 
new methods in the extrusion industry. 
William F. Hunt, who served under Mr. 
Tichy as chief engineer at Louisville's ex- 
trusion plant, will have the same position at 
Phoenix. 


Joseph N. Peters is new manager of the 
Carbide and Cast Alloy Div., Jessop Steel 
Co., where he will supervise production and 
sale of tools, dies and wear resistant parts 
made from sintered and hot-pressed car- 
bides and cast nonferrous alloys. Previous 
experience has been with Callite Tungsten 
Products Corp., Allegheny-Ludlum Steel 
Corp. and the Universal Cyclops Corp. 


R. W. Mason, Jr., formerly with the 
Lithium Co., Newark, N. J., has joined the 
Development and Research Div., Interna- 
tional Nickel Co., Inc., with headquarters 
in the General Motors Bldg., Detroit, where 
he will serve as metallurgist and consultant. 
He spent four years in U. S. Ordnance, en- 
gaged in specification of materials for, and 
engineering of, tanks and automotive ma- 
teriel. 


Capt. Mark E. Sink has joined Peter 
Muller Munk, industrial designer of Pitts- 
burgh, where he will be responsible for 
research, servicing and production. 


Donald A. Patter has been made research 
and development engineer for Universal 
Castings Corp., Chicago. By education and 
training he is a metallurgical engineer, hav- 
ing been with E. C. Atkins Co. and Naval 
Research Laboratory. He has researched on 
special alloy steels and precision casting. 


Brig.-Gen. Donald Armstrong, who has 
retired from the Army after 36 years service, 
has joined the American Standards Assn. 
For many years he has been prominent in 
Ordnance work at the Watertown arsenal, 
at Chicago, and at Aberdeen, Md. 


William Rodder has been made director 
of engineering, Aetna-Standard Engineering 


548 


Co., Youngstown, Ohio, having been chief 
engineer, being succeeded by Perry Snyder, 
formerly of Youngstown Sheet & Tube Co. 


P. R. Mallory & Co., Inc., Indianapolis, 
has established a new plant at 8605 Livernois 
Ave., Detroit, now producing special resist- 
ance welding dies, electrodes and allied 
welding parts fabricated from Mallory al- 
loys. 


A new concern, Stark Industrial Models, 
has been opened at 95 Jane St., New York 
14, to supply designers, engineers, archi- 
tects, advertisers and manufacturers with 
all types of working or display models of 
machinery, industrial plants, layouts, etc. 
Using metal, wood and plastics, the com- 
pany, headed by John C. Stark, works from 
blueprints to the closest tolerances in any 
scale. 


The American Smelting & Refining Co. 
has consolidated the operations of its Lead 
Products Div. with those of its Federated 
Metals Div. Alfred P. Knapp, general 
manager, Lead Products Div., and president 
of its subsidiary, Andrews Lead Construc- 
tion Corp., acquires the operations of this 
subsidiary, together with the manufacturing 
plant in Long Island City and the homo- 
geneous bonding business of the Lead 
Products Div. 


The Corning Glass Co. announces plans 
for a pilot plant at Corning, N. Y., the 
first of its kind in the glass industry, to 
facilitate manufacture of new products and 
develop new methods. The company re- 
cently acquired new manufacturing facilities 
in Canada and in West Virginia. 


Aluminum Co. of America has applied to 
CPA for permission to erect a plant in Des 
Plaines, Ill., for the manufacture of alumi- 
num die castings. This follows the an- 
nouncement in June that the company will 
build a large rolling mill near Davenport, 
lowa. 


Cleveland-Tungsten, Inc., Cleveland, sub- 
sidiary of Molybdenum Corp. of America, 
has purchased the General Tungsten Mfg. 
Co., Inc., Union City, N. J. 


H. K. Porter Co., Inc., has bought the 
business of the American Spiral Spring & 
Mfg. Co., Pittsburgh, to be operated as 
American-Fort Pitt Spring Div., H. K. Por- 
ter Co., Inc. Porter now operates seven 
plants, manufacturing for railroads, proc- 
essing industries and oil production. 


The Hungerford Research Corp. has been 
merged with the Hungerford Plastics Corp. 
and will continue under the latter name. 
Hence, operations at Murray Hill, N. J., 
will be expanded in mold design and man- 
ufacture, material compounding and contract 
molding. 


Earl S. Patch and C. Robert Talmage 
have formed the firm of Patch and Tal- 


madge to serve industrial companies jp 
field of powder metallurgy, with of 
and laboratory at 4 South St., Stam, 
Conn. Their consulting service wil] 4, 
with research, applications, sales, man. 
ment, materials, production and ey 
ment. Both previously served with the } 
raine Products Div., General Motors (, 


Societies 


The Magnesia Insulation Manufacture) 
Assn., Washington, has started a new py 
lication, “Mima News”, aiming to mi 
better contact between users and makers 
the insulation .> . . An Engineering Sq 
eties Council of New York has been forme 
comprising delegates from  engineerisg 
scientific and technical societies, with 
C. R. Carlson, A.S.M.E., chairman. 





Meetings and Expositions 


AMERICAN CHEMICAL SOCIETY, 
AMERICAN INSTITUTE OF CHEM- 
ICAL ENGINEERS AND ELECTRO- 
CHEMICAL SOCIETY, joint meet- 
ing of annual symposium on 
modern metal protection. Cleve- 
land, Ohio. Sept. 2t, 1946. 


AMERICAN SOCIETY OF MECHAN.- 
ICAL ENGINEERS, fall meeting. 
Boston, Mass. Sept. 30-Oct. 2, 
1946. 


ASSOCIATION OF IRON & STEEL EN- 
GINEERS, Iron and Steel Exposi- 
tion. Cleveland, Ohio. Oct. 1-4, 
1946. 


NATIONAL ELECTRONICS CONFER- 
ENCE AND EXHIBIT, Chicago, IIl. 
Oct. 3-5, 1946. 


SOCIETY OF AUTOMOTIVE ENGI- 
NEERS, Aeronautic meeting and 
Aircraft Engineering Display. Los 
Angeles, Calif. Oct. 3-5, 1946. 


SOCIETY OF AUTOMOTIVE ENGI- 
NEERS, national transportation and 
maintenance meeting. Chicago, 


Ill. Oct. 3-5, 1946. 


AMERICAN SOCIETY OF -TOOL EN- 
GINEERS, semi-annual convention. 
Pittsburgh, Pa. Oct. 10-12, 1946. 


ELECTROCHEMICAL SOCIETY, fall 
meeting. Toronto, Canada. Oct. 
16-19, 1946. 


AMERICAN SOCIETY OF BopDy ENGI! 
NEERS, Detroit, Mich. Oct. 23-2 
1946. 


PORCELAIN ENAMEL INSTITUTE, an 
nual meeting. French Lick, Ind 
Oct. 23-25, 1946. 
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During a war economics bows to logistics, 
and the cost of a material, for example, be- 
comes secondary to its performance, avail- 
ability, speed of manufacture, etc. But in 
peacetime (or even the current reasonable 
facsimile thereof) "how much?" quickly re- 
sumes its position as the most important ques- 
tion of the day. 

Cost factors have always been decisive in 
engineering. In "materials engineering’ — the 
selection and processing of engineering ma- 
terials — the price and supply of each material 
profoundly influence the extent of its general 
use as well as its suitability for a given appli- 
cation. Thus, other materials may be individu- 
ally stronger or more machinable or more 
corrosion resistant, but plain carbon steel re- 
mains our basic raw material for manufactured 
products because it is simultaneously our most 
abundant and our cheapest engineering ma- 
terial. 

Certainly the prices and supplies of engi- 
neering materials are just as important, directly 
or indirectly, in their selection and application 
as are their technical characteristics. Engineers 
and manufacturers who specify and buy engi- 
neering materials are as much interested in 
general trends in prices, supplies and market 
positions of these materials and in impending 
shifts among them as they are in improved 
fatigue properties, higher strength-weight 
ratios or new fabricating methods for them. 

Accordingly, with the currently increasing 
importance of price factors in our field and the 
likelihood of broad changes in the economic” 
appeal of certain materials in the months and 
years just ahead, your editors perceive a spe- 
cial opportunity and obligation for this maga- 


zine to analyze and interpret such develop- 
ments for our readers, systematically, thor- 
oughly and on a continuing basis. From now on, 
therefore, we will cover the economics of ma- 
terials engineering just as intensively as we 
do its other and more technical aspects. 
Through the medium of feature articles and 
otherwise you will be kept informed on current 
and prospective fundamental price changes 
and supply factors that affect the applicability 
of individua! types of metallic and nonmetal- 
lic materials, on fabricating and. processing 
cost factors and on competitive situations that 
stem from primarily economic roots. 

In the first article representative of this in- 
tensified editorial approach (starting on page 
613 of this issue) Mr. Knight reviews the place 
of prices and other cost factors in materials 
engineering in general and makes interesting 
commentary on certain of the more obvious 
cost-competitive situations among materials. 
Later articles will discuss, one by one, such 
individual situations as those involving copper 
vs. aluminum for conductors, the price-eco- 
nomics of plastics and metals, magnesium's 
future position as a major metal, steel indus- 
try "extras," and many others. 

These articles are designed to fill-in, as use- 
fully and interestingly as possible, the eco- 
nomic background for the selection and proc- 
essing of materials. We will need your help not 
only in providing data but in suggesting to us 
those materials-economics problems most 
worthy of study. So send us, please, your per- 
sonal reactions to this program and your rec- 
ommendations for likely topics to be treated 
in the future. 

FRED P. PETERS 
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Ryerson Laboratory 
Adds Extra Value to Steel from Stock 


Steel from Ryerson means more than just steel from 
stock. It means that every heat has met exacting Ryer- 
son specifications—based on more than 103 years of 
experience in the steel industry. It means that 
chemical analysis and physical properties are “as 
advertised’’ because Ryerson never stocks “‘seconds”’ or 
off heats. And often, it means steel made more valuable 
to you by the werk of the Ryerson laboratory. 

Whether you specify, buy or fabricate steel the labo- 
ratory serves you. There’s no need for hit or miss heat 
treating when the laboratory runs Jominy hardenability 
tests on every heat of alloy in Ryerson stocks. Furnishes 
the results at no charge as a guide to heat treatment. 

The laboratory also prevents uncertainty when defi- 
nite specifications must be met. If carbon steel plates 
must not exceed a certain hardness limit, or if bars must 
have specified tensile strength, laboratory tests select the 
exact steel you need from Ryerson stocks. 

These and other trouble-saving laboratory services 
point up two important reasons why more steel users call 
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Ryerson: Persistent Ryerson effort to provide more com- 
plete, more practical service on steel from stock plus con- 
stant vigilance in maintaining high quality. 

Because of the steel shortage many sizes still are miss- 
ing from Ryerson stocks, but your size or a workable 
alternate may be available. Contact the nearest Ryerson 
plant when you need steel. 


Joseph T. Ryerson & Son, Inc., Steel-Service Plants at: Chicago, 
Milwaukee, Detroit, St. Louis, Cincinnati, Cleveland, Pitts- 


burgh, Philadelphia, Buffalo, New York, Boston. 





PRINCIPAL PRODUCTS 
Bars @ Structurals ¢ Plates « Sheets « Mechanical Tubing ° 
Safety Floor Plate « Alloys « Allegheny Stainless ¢ Tool 
Steel @ Boiler Tubes © Reinforcing Bars * Babbitt Metal ° 
Bolts « Rivets © Metal Working Tools & Machinery, ef 
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The Good and the Bad 


it's not all-good, and it’s not all- 
bad; it's usually somewhere in between. 
This sage maxim propounded by a 
swivel-chair philosopher . can be ap- 

ied to just about everything in the 
range of human experience, and cer- 
uinly to the individual merits of all 
materials and all methods. Neverthe- 
less, one finds everywhere and close at 
hand such airy generalities as: Steel is 
better than aluminum (or vice versa ) ; 
, welded fabrication is more desirable 
(or less desirable) than a casting; in- 
fra-red radiant heating is better (or is 
worse) than convection heating. 

Those who make such general state- 
ments do so either out of dishonesty 
or ignorance, for there is no material 
and no method that is the best or the 
worst for all purposes. Each and every 
engineering material and processing 
method has a specific set of properties 
or characteristics which clearly defines 
and limits its range of usefulness. 
Thus, in the long run, each material 
and method quite naturally concen- 
trates in the field of applications for 
which it is best suited; and attempts 
to wander outside of this field of use- 










re com: 
a fulness run head-on into unbeatable 
competition. 
7” In selecting a material or method 
re miss-¥e , emer “eer “Bhi 
lor a specific application it is also all- 
orkable impertant to avoid general considera- 
tyersoni tions and comparisons. Comparisons 
and the final selection should be based 
on analysis of specific facts about the 
shicago,@™ materials and the methods involved 
4, Pitts-™m One good reason why general com- 
parisons should be avoided is that ad- 
vantages and disadvantages of a ma- 
terial or a processing method very 
often vary from one application to an- 
other. In one case, certain of the char- 
" acteristics will be advantages and 
‘el others disadvantages; in another case, 
ee the nature of the application may re- 
i verse some or all of them. 
The line-up of advantages and dis- 





__— Advantages will depend upon the par- 
ticular conditions and circumstances 
involved. For example; the property of 
low melting points of lead-tin alloys 
‘San advantage in solder or electrical 
fuse applications; but in considering 
Materials for furnace use, this charac- 
eristic becomes an obvious disad- 
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vantage that precludes their use. 
Invariably in the final analysis there 
is one method and one material which 
has some unique characteristics that 
offer certain desired advantages for the 
application at hand, and this deter- 
mines the selection. 
—H.R.C. 


lf You Want Steel, Supply Scrap 


There have been recent rumblings 
about the scarcity of scrap as one more 
problem for the steel producers to con- 
tend with. The situation has now 
passed the rumor stage and is a reality 
that is helping to maintain the steel 
scarcity. A recent report states that the 
number of idle open hearth furnaces 
jumped from 12 to 30 within a month. 
According to the American Iron & 
Steel Institute, receipts of scrap have 
fallen to approximately 40% of re- 
quirements. If this trend continues 
mill inventories of scrap will vanish 
within 4 to 6 weeks. 

What can we do about it? The most 
obvious step is to make certain that 
scrap is returned to the mills as fast as 
possible and in the most usable con- 
dition. 

While not an immediate answer to 
this problem, industry can adopt other 
practices which will have some effect 
upon the persisting steel shortages. 
Such moves as that of Chrysler Corp., 
which now welds together odd-shaped 
pieces of scrap steel to make certain 
parts, reduces the demand for sheet 
steel and helps to spread existing sup- 
plies. 

Many people have already forgotten 
the value of conservation which sup- 
posedly was well taught during the 
war. For some time to come industry 
in general will be hampered by mate- 
rials shortages not only in steel but 
also in lead, zinc and copper. Thus, 
it behooves us to expend all materials 
with conservation rather than return- 
ing to the profligate habits of the 
prewar days. 

—T.C.D. 


The Goose and the Auric Eggs 


We heard two interesting anecdotes 
within the same week, both bearing on 
the subject of labor. One manufacturer 
is said to be flying his semi-finished 
parts to Haiti for rough finishing. 
Then the parts are flown back to the 
United States for precision finishing. 

The second anecdote deals with a 
manufacturer of silver plated wear. A 
new process, called electro-silverpolish- 
ing, gives the final polish in the plat- 
ing bath, the one department there- 
fore doing both plating and polishing, 
eliminating the buffing department, 
which in former days had been a very 
important one. 

We asked the silver manufacturer: 
“Hasn't electropolishing thrown many 
buffers out of employment?” 

His reply: “Yes, but we could only 
get in recent years 60% of the neces- 
sary buffers, and what we did get were 
only 60% industrious by former stand- 
ards.” 

We do not wish to try to preach 
sermons to labor—too many, perhaps, 
have already done that. We should 
merely like to analyze cause and effect 
and probable future. The flight of 
manufactured parts to Haiti, of course, 
takes several man-hours of work out- 
side of the country and lessens em- 
ployment here. 

Moreover, it may be argued that 
elimination of the buffers would have 
taken place just the same, had buffers 
been plentiful and efficient. However, 
we believe that such instances have 
been multiplied a thousand times over 
in one way or another—so many in- 
stances that it indicates an abnormal 
trend. 

The fable of “killing the goose that 
laid the golden egg” comes home to- 
day, we believe, by the greedy attitude 
of labor, coupled with lack of restrain- 
ing attitude at Washington. We be- 
lieve that organized labor is young and 
inexperienced and should have had a 
more curbing hand placed upon it. 

We are afraid that the golden egg 
goose is already sick. We hope that 
the owner of the goose, labor, and the 
veterinary surgeon, Harry S. Truman, 
et al, can cure the goose before it is 
too late. 


—H.A.K. 
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XK IF IT ROLLS—IS SUBJECT TO CORROSION OR ABRASION—HI-STEEL WILL DO A BETTER Joy 








) Make it... 


* Lighter... 
* Stronger... 
* Easier... with 


‘ Inland Hi-Steel” 











Many manufacturers are profiting by the advantages 
of Inland Hi-Steel* in product performance and man- 
ufacturing procedures. 

Compare its yield point of 52,500 PSI and tensile 
strength of 70,000 PSI with any standard steels you 
are now using. This added strength means that your 
product can oe made stronger with the same cross 
section, or equally as strong with a smaller cross-sec- 
tion of Hi-Steel. 

Long life under abrasive action and corrosive con- 
ditions are also features of products made with Inland 
Hi-Steel. It has been used successfully in the manu- 
facture of Railroad, Construction, Automotive, 


Material Handling, Mining and Farm Equipment, 


HELP! MORE SCRAP NEEDED! 


Extra tons of scrap are needed to make the 


extra tons of steel for American industry. 


Please keep your scrap moving back to the 
mills. 


THE HIGH STRENGTH, LOW ALLOY STEEL OF MANY USES 


Bridges, Storage Tanks, Bins, etc. 
You will find Hi-Steel a ductile, low-alloy steel of- 

fering properties for fast and economical fabrication. 

Strong welds may be made with gas, arc, or resistance 

welding equipment. Machining and forming can be 

done with little or no changes in speeds, feeds and 
wer used with ordinary carbon steels. 

Hi-Steel is produced in plates, bars, structural 
shapes and hot or cold inlled | sheet and strip. 

At present, the demand for Hi-Steel exceeds ton- 
nage being produced. We are, however, doing every- 
thing in our power to increase this production to 
meet industries’ increased demand. 

*Reg. U.S. Pat. Off. 





\ 


@ inland Steel Company, 38 South Dearborn Street, Chicago 3, Illinois. Sales Offices: 
Detroit, indianapolis, Kansas City, Milwaukee, New York, St. Paul, St. Louis. 
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PRINCIPAL PRODUCTS: BARS + STRUCTURALS + PLATES + ‘SHEETS + STRIP + TIN PLATE + FLOOR PLATE + PILING + REINFORCING BARS + RAILS + TRACK ACcESSORl 
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it takes much more than 
the price per pound to 
compute the cost of a 
material. 


Economics of the Engineering Materials 
—Basic Considerations 


by HAROLD A. KNIGHT, 


HE PROBLEM WHICH CONFRONTS many an engi- 

neer, be he design engineer, materials engineer, 

chief engineer, or operating executive, is: What 
is the most economical material for a given applica- 
tion today, and what will be for the next five to ten 
years? In many a line of mass production, such as 
automobiles, it is necessary to take a long range view 
for tooling-up alone may need a year or two. Current 
economic conditions alone, especially if they are in a 
fly-by-night status, cannot govern materials that are 
to be chosen. 

The engineer must first consider the basic prin- 
ciples involving the economics of materials. Thus, 
those which were depleted sadly by the war, such as 
copper, lead and zinc, promise to rise higher in price 


Presented here is the first ina | 
series on economics of materials. 
Subsequent articles will deal with 
specific competitive materials. 
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and may be difficult to procure—the present status 
of copper and lead. 

Moreover, there are many materials that will re- 
main doubtful as to supply availability and price rea- 
sonableness, even when labor and industrial condi- 
tions are normal again, as far as American supplies 
are concerned. Thus, in mercury we have only 3% 
left of our original reserves; in silver and lead we 
have but 16%; of gold we have 19%; of chromium, 
20%; of vanadium, 25%; bauxite (pre-war grade) 
for aluminum, 25%; manganese and tungsten, 30%; 
zinc, 33%; copper, 30%. Only in magnesium and 
nitrogen do we have 100%; with bituminous coal 
and salt, 98%. Vital iron ore stands at 68%; with 
molybdenum at 92%. 

This does not mean to imply that we cannot im- 
port materials in which we are short, as we have al- 
ready imported tin, rubber, nickel and other com- 
modities. Submarine and other modern warfare being 
what it is, it would be wise indeed to stock-pile 
foreign materials during peace, but of course it is 
even better to use materials that are native to us and 
not to depend on whims of foreign nations as to price 
or dangers and high costs of ocean transportation. 

Another basic principle is that products of infant 
industries tend to cheapen as manufacturing processes 
are refined and mass consumption allows good profits 
on a narrow margin. Thus, magnesium sold at over 
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Fig. 1—United States reserves of minerals. 


$5 per lb. in 1916 as against 2012c per |b. today. 
Classed in the infant industries are light metals, 
plastics, plywoods and modern glass. 

One of the most pronounced trends is to make 
things light in weight. The world is extremely 
mobile today. Crossing the Atlantic was measured in 
months by Columbus; in hours today. Mobility im- 
plies lightness. Gone are the days when ponderosity 
meant strength. Strangely, in Germany, we saw the 
old and the new mingled—ponderous military tanks, 
automobiles and guns alongside magnesium and alu- 
minum impedimenta of the infantryman. 

In our country lightness of weight came into the 
machines and tools of industrial plants during the 
war when women entered the plants—they could not 
actuate the former heavy pedals and levers. Then, 
too, male workers found they were less tired at day's 
end because of lighter equipment. 

So, we shall see lightness, as never before, an im- 
portant adjunct of everyday life. Premiums will be 
paid, if need be, for such lightness for many products. 

Another basic principle is that where competition 
is the keenest, the goods are apt to be the cheapest. 
Back in 1915 there was only oné major source for 
aluminum. The Ford Motor Co. started to use alumi- 
num hoods. Suddenly it was notified that the price 
of aluminum ingot was to be lifted from 18c to 30c 
per lb. Aluminum for hoods was straightway aban- 
doned. Again, along in 1923 Ford used aluminum 
for doors in a 4-door sedan, only to have the price 
hiked. Only a little over a year ago, the Aluminum 
Co. of America controlled 86% of private aluminum 
manufacturing capacity, with Reynolds Metals Co. 
owning 14%. These figures have already changed, 
with Reynolds’ capacity nearly half the nation’s total 
and with Kaiser and perhaps others getting into the 
aluminum business. Besides, there is a tremendous 
government-owned capacity, much of which may pass 
into private hands. 

Another basic principle is that a material which 
history has shown to have been fairly stable and reli- 
able in price bids fair to continue in that direction. 
A ten-year price study of four other metals in the 
10 years following World War I (Fig. 2) reveals 
how steady and sound has been the price history of 
steel. In the accompanying chart will be be seen how 





erratic copper, aluminum and lead have been by 
comparison with steel. Other considerations being 
equal, it would seem that the engineer could not go 
wrong with steel. 


Other Factors, Too 


There are other considerations, too, which though 
not basic, should be reviewed. A material which is 
most nearly pure in nature might be desirable over a 
lean material. With iron ore 55% metallic iron, it 
should be by reason cheaper than copper which is 
only 1 to 2% pure in nature. There are instances, 
too, where the high cost of the base material must 
not be considered, but consider rather that material in 
end use or at least semi-fabricated. Thus, silver at 
75c to $1 per oz. cannot be compared with copper 
at 14Y4c per lb., but rather should be compared with 
the final cost of the brazed joint. 

In fact, it is obvious that comparative costs of en- 
gineering materials is a most complex subject. It is 
difficult to lay down definite rules and formulas, as 
most cases are distinctly individual. Thus, a maker 
of desk telephones had used zinc die castings as bases. 
He now substitutes Tenite plastics, finding the second 
not only cheaper, but making a lighter product. 
Other plastics had proved either unsuitable, soften- 
ing in warm climates, or too costly. In many applica- 
tions, of course, zinc die castings are unquestionably 
the superior material. 

This series of articles cannot begin to lay down 
set rules, slide rule calculations and nomographs 
which are accurate to the decimal point. It can only 
present principles, case histories and the best opinion 
of experts. This is truly a difficult period in which to 
estimate values and future trends—yet many engi- 
neers are faced with just such problems. 

As Carl H. Burton, secretary, Aluminum Research 
Institute, once stated the problem: “Since the alloys 
of all metals are numerous (many of them highly 
specialized) about the only true yardstick for measur- 
ing costs comparatively is in the unalloyed ingot 
stage.’ To which he might have added “and with 
due consideration to their specific gravity.” Thus, 
since magnesium is only a quarter as heavy as iron 
(1.80 specific gravity vs. 7.87 s.g.) it goes four times 
as far. One might divide the price of magnesium, 
20.5c by 4, getting 5.125c, which actually compares 
with perhaps 4c for the grade of steel comparable 
with magnesium. 


Performance—Cost Comparators 


Several engineers have devised true price tables 
which have been weighted and packed with factors 
which must prevail in uses to which they must be 
put. Thus, J. R. Townsend, materials engineer, Bell 
Telephone Laboratories, has reduced four materials to 
a price basis, as of 1943, of cost per cubic foot, taking 
semi-fabricated rather than ingot materials. Thus, 
he priced aluminum at $25, copper at $85 (actually 
about $106 at today’s prices); magnesium $22, and 
plastics $36 (but the price is probably lower now). 

Elaborate, indeed, is the performance-cost com- 
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parator worked out for 20 engineering materials by 
Frederick Z. Pearson, manager, Plastics Div., Lyon 
Metal Products, Inc., Aurora, Ill. He adds weights to 
factors pertinent to the end use of his company’s 
products. Though prices used are a year and a half 
old, his method may inspire other engineers to do 
likewise. In Fig. 3 the first three columns are obvious. 
In the third coltumn—"“manufacturing conversion fac- 
ror’ —the figures are arbitrary factors gained from 
experience or handbooks. 

{ncluded in this figure, for instance, might be the 
power requirements in machining which one expert 
says line up as follows: magnesium alloys, 1.0; alumi- 
num alloys 1.8; yellow brass 2.3; cast iron 3.5; mild 
steel 6.3; nickel alloys 10.0. 

It might be well for the engineer to compile for 
himself a table such as appears in Fig. 4 from the 
Engineering File Facts department of this magazine 
for February 1943, entitled “Comparisons of High 
Production Methods for Small Parts.” (For more 
complete exposition, see the MATERIALS & METHODS 
Manual, No. 1, in the July 1944 issue consisting of 
several pages of costs and efficiencies of various metal 
forming processes, entitled “Selecting Production 
Methods for Small Parts.” All of this data would 
figure in “manufacturing conversion factor.” ) 

The heading for column 5 in the table, “Cost per 
27.8 cu in.” contains this rather odd figure since 
7.8 cu. in. is the volume of 1 lb. of water of a 
specific gravity of 1. Figures in column 5 are ar- 
rived at by multiplying columns 2, 3 and 4. These 
give a comparable cost factor for all 20 materials. 
To get the cost per cu. in. one divides by 27.8, the 
cu. in. units being handy for calculating extra major 
properties of performance, like tensile strength, flex- 
ural strength, etc. in psi. 

Through column 5 the table should be useful to 
all choosers of materials. Thereafter each designer 
can get up his own supplemental table, incorporating 
the special qualities he desires. According to col- 
umn 5, stainless steel is so costly compared with 
other materials as to seem ridiculous as a practical 
material, on a cost basis alone. However, as to true 
costs where highest impact strength is required, 
combined with lowest water absorption, the quotient 


of columns 8 and 9 reveal stainless steel in the 
metals group and fiber-glass—low pressure laminate 
aS Outstanding materials. 
Considering no other requirements for the moment, 
cost x water absorption 











the formula would be- ; For 
impact 
; 840 (col. 5) x 0.1 (col. 9) 
stainless steel this would be 25 (col. 8) 
= 33%, For fiber-giass take oes = 10. This 


would indicate a higher efficiency for stainless on 
the basis of impact resistance and water absorption 
alone. 

In interpreting these figures, costs and water ab- 
sorption should be minima, the author points out, 
and other performance data should be maxima for 
the most desirable material. That one showing the 
highest quotient of performance over cost should be 
the proper one to use in an application under con- 
sideration, provided proper emphasis is given to the 
one or two salient characteristics required for the 
proper functioning of this part. 

Mr. Pearson also points out that certain factors, 
such as flexural strength, are not in direct relation- 
ship with costs. Thus, one can use twice the wall 
thickness for the same ultimate product cost when 
employing a material that is half the cost of the 
next one per cu. in. Now, if one makes a beam sup- 
ported on two ends in the low cost material, twice 
the height of the one in the higher priced material, 
it is obvious that the flexural strength of this beam 


* has not been doubled but quadrupled, since flexural 


strength increases with the square of the height of 
a beam. 

The user of such a formula must use his own 
judgment as to importance of individual factors. 
Wishing to give special emphasis to some factor he 
may square all figures in that column for his cost 
performance formula. The author concludes that 
this method is a “reduction to mathematics of the 
product designer's common sense.” 

It is well for the engineer to have handy tables 
comparing certain key properties of competing ma- 
terials for ready reference. Thus, Mr. Townsend of 
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Fig. 3—Performance-Cost Comparator for Materials 
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Material | | 
Steel Sheet, Deep Drawn, Paint Finish 3 | 7.80 | 3 70 80 |29.00; 29 3.0 | 500 | 1200 ° 
Aluminum Sheet, Deep Drawn, Finished | 20 | 2.80 | 2.5 | 141 40 |10.50| 20 1.0 | 500 108 ° 
Magnesium—Cast—Finished 27 1.80 | 3 144 30 6.50| 20 2.0 500 100 ° 
Stainless Steel—Deep Drawn 36 | 7.80 | 3 840 (120 /|28.00;| 25 0.1 | 600 120 e 
7 Hardboard, Synthetic 5 |118 | 4 23.6| 12 0.70; 3 10.0 | 230 80 125 
name 
Plywood-Mahogany—Lacquered 7 |080 | 4 22.2) 19.3] 1.64) 4 10.0 | 180 80 50 
Plywood—Urea-Impregnated 9 | 080 | 4 28.6| 19 1.50; 4 5.0 | 230 95 100 
Compreg—Phenol-Impregnated 12 | 140 | 4 67 36 3.60} 6 7.0 | 230 95 115 
Grade X-Laminated—Paper Base 12: 439 1-2 29.6 | 16.5} 1.70} 2.5 46 | 230 95 700 
Grade C-Laminated—Cloth Base 25 °}235 |.2 67 15 0.90; 15 5.6 | 230 95 375 
Creped Paper Base-Phenolics 30 | 140) 1.5 | 63 17.5} 1.70; 1.5 46 | 230 95 650 
Creped Cloth Base-Phenolics 60 | 140} 15 |126 16.5/| 0.90/| 6 46 | 230 95 375 
Cloth Base—No Pressure Resin | 35 | 1.40 16 | 78 20 1.00 | 15 1.8 | 230 95 300 
Glass Base—No Pressure Resin | 135 | 1.70 | 16 |370 33 1.90 | 15 0.4 | 480 108 550 
Grade C Laminate—Post-Formed 60 | 140); 1.5 /|125 20 0.90; 15 46 | 230 95 375 
Cord-Filled Phenol Molding Com- | 30 | 1.40 | 1.7 72 12.5; 2.00 7.2 1.4 230 98 | 300 
pound | | | 
Sisal-Phenolic Laminate 40 |135 | 2 {107 | 20 | 050} 12 8.0 | 230 95 | 350 
Vinylidene Chloride 40 | 1.73 | 15 |104 | 16 | 0.35| 6 0.1 | 180 57.5| 350 
Polystyrene—Molding Material 25 | 1.06 | 15 | 40 | 13.5] 035| 04 0.1 | 170 82.5| 600 
Cellulose Acetate-Butyrate 35 | 1.30 | L5 | 59 | 10 | 0.35); 8 2.0 180 48 | 325 






































* Conductor 


Bell has several such tables. One is a triple table 
showing in the first column specific gravity, ranging 
in his table from 11.34 for lead down to 0.63 for 
wood; in the second column are listings of tensile 
strengths, ranging from 189,000 psi. for alloy steel 
down to 200 for concrete; the third is modulus of 
elasticity, psi, ranging from alloy steel, 30 x 10° 
down to 2.7 x 10° for cellulose acetate. 

Another table gives ratio of tensile strength to 
specific gravity, ranging from 43,860 for polyamide 
down to 90 for concrete. Still another compilation 
involves notched Izod impact, 4% in. x % in. bar, 
described in foot pounds and cost per lb. He lists 
other considerations, with an eye towards plastics, 
consisting of the following: Transparency, crazing, 
cracking at inserts, unmolding (warping and stress 
release), resistance to common solvents, resistance 
to light and humidity, fungus growth, welding char- 
acteristics, moisture content at time of molding, con- 
trol of molding temperature and pressure, supply of 
raw material and defense restrictions. 


Some Very Obvious Competitions 


There are, of course, many competing materials 
that are “naturals,” such as copper and aluminum, 
aluminum and steel, aluminum and magnesium, mag- 
nesium castings and gray iron castings, metals and 
plastics, plywoods and plastics. 

In this article we shall discuss some of the broader 
aspects, with occasional case histories, leaving to fu- 
ture articles more specialized and detailed consid- 
erations. There are at least two broad trends—one 
the ascendant tendency of newer materials to par- 


Courtesy: Frederick Z. Pearson, Lyon Metal Products, Inc 






tially supplant the older materials; and the increas- 
ing importance of the light materials over the heavy 
and more cumbersome older materials. 

Perhaps the first thing that comes to mind is the 
inroad made by aluminum in the copper market, an 
ironical development being the stringing of high 
tension aluminum lines through Montana, the lead- 
ing copper producing state. 

As a consulting engineer stated to us recently: 
“Copper lost the field of high voltage electrical trans- 
mission long ago to aluminum. Not so recently it 
surrendered the medium high voltage field in elec- 
trical conductors. Competition on bus bars remained, 
but that passes out of the picture. Now on a purely 
price basis, apart from other engineering considera- 
tions, the last phase is that of wire, braided, and in- 
sulated conductors and the vast field where copper 
was thought to be supreme and without competitors.” 
When this statement was made copper sold at 12c; 
aluminum at 14 to 15c. Since then copper has risen 
to 14Y4c. 

With copper and aluminum at virtually the same 
price, a new era has arrived. Note Fig. 2 and price 
comparisons ten years after War I. Only in 1922 
were the two close together, but with aluminum 
always dearer. But, of course, aluminum has an ad- 
vantage on a volume basis. Thus, a cubic inch of 
aluminum weighs but 0.0975 Ib. as against 0.3217 Ib. 
for copper. Copper, of course, is favorable from the 
standpoint of having a lower specific electrical re- 
sistivity, standing at 1.682 micro-ohms-cm. vs. 2.655 
for aluminum; but a lower weight (and therefore 
less material cost) of aluminum is required for 
equivalent current-carrying ability, hence aluminum 
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Fig. 4—Suggested Table for Figuring Costs 


















































eg Zinc Alloy | Gray Iron Steel Steel Screw Molded 
Characteristics Compared Die Sand PRs Machine Plastics 
Castings Castings ping Parts Parts 
Ps Production speed | 2 5 1 4 3 
: Machining cost after casting 1 3 —_— — 2 
Relative - : _| 

Cost ond Tooling cost 4 | 2 5 1 3 
Production Cost of applied finish 2 3 1 2 1 
Features Cost of materials per |b. 3 1 2 2 4 
| Serap loss Os, SA HS nd! Bs hk, a 























ae ee si et 


4 
or 





111i 8 3 4-4-4+4+-++-+++ 


1 











has the ultimate economic advantage. 

In favor of copper for electrical transmission is its 
ease of handling. Thus, it is easy to splice the pliable 
copper wire. To fasten aluminum one must usually 
use patented connections. By tradition and experi- 
ence copper is the easily handled material. However, 
much work done with aluminum during the war has 
added greatly to the technique of the average worker 
with metals. 


Magnesium: Up and Coming Material 


One of the most glamorous metals of today is, 
of course, magnesium which in theory, at least, has 
the most promising future of all materials, if for no 
other reason than its abundance. It has been stated 
by imaginative light metal engineers that had the 
magnesium industry been set up as we now know it, 
before iron and steel had been developed, the ferrous 
industry would have found it difficult to become 
established and forge ahead. What ponderous ma- 
chinery it takes to smelt, refine and work steel! What 
a corrodible metal steel is! How hard to machine! 
[It forms scale even in process of manufacture. It 
must be painted constantly, else its life in years is 
counted on the fingers of a hand. 

For its raw materials (sea water, Michigan 
brines and dolomites) the magnesium supply is un- 
limited. It is one-sixth the most abundant material. 
There are several who boldly prophesy that it has 
a greater future than aluminum. The sales manager 
of Dow states that within the next two years the 
price will go down from the present 20'4c per lb., 
not so much because of quantity production as be- 
cause of technological advances. He says that the 
metal could be reduced by as much as 25% over 
the next five years. A key expense is electric power, 
which costs about 1.58c per lb. of magnesium, as 
against 0.5 to 3.5c per lb. for aluminum. 

Power tends to become cheaper after a producer 
has been long in business and amortized the original 
cost of his dam, power house and transmission lines. 
Thus, the power cost of Aluminum Co. of America 
is said to be only Yc per Ib. of metal as against 
2c for Reynolds, because the former owns its 
tacilities and has completely paid for them whereas 
Reynolds buys power from the Government-owned 
['VA. But even the government power projects will 
eventually be paid for and its rates should decline. 


SEPTEMBER, 1946 


Moreover some power companies sell “secondary” 
power which is the water that would go over the 
dam in the spring and during winter thaws and 
would otherwise be wasted. A magnesium or alu- 
minum producer could average down his cost of 
production by using this “secondary” power some of 
the time. 


Magnesium and Aluminum 


Magnesium and aluminum are in many respects 
sister metals. An aircraft manufacturer found that 
in producing an aluminum stabilizer, costs were $231 
($40 for material and $191 for labor) vs. $140 for 
magnesium ($62 material and $78 for labor). The 
Douglas Aircraft Co. states that a finished magnesium 
I-beam is 25% cheaper, 35% stronger, and 5% 
lighter than the aluminum beam it replaced. As to 
magnesium die castings, one manufacturer lists ma- 
chining costs as 25% higher for aluminum, 35% 
higher for bronze and 50% higher for cast iron 
than for magnesium. 

An interesting case history is that related by Ed- 
ward S. Christiansen, president, Magnesium Assn. He 
said: “We have found certain aluminum castings 
where we can cut the section to 4- or 14-in. thick- 
ness with magnesium stampings. Also with the 
lower specific gravity of ‘mag’ we come up with 
30% of the weight of the original aluminum cast- 
ings. That gives us enough edge in price to com- 
pete. We received a good order for a cover for an 
adding machine case that was originally designed 
in 44-in. thick aluminum. We ended up with 0.051- 
in. magnesium. We might have used 0.040-in. thick 
magnesium but they objected to such thin material.” 


Magnesium vs. Cast Iron 


It may be a surprise that magnesium is competing 
in several instances with gray iron castings. As one 
engineer expresses it, “Compared with pig iron, 
magnesium is way out of line, but the saving grace 
is the exceptional physical properties of magnesium 
and the fact that fabricated cast iron parts are in- 
variably over-designed and excessively heavy. More- 
over, with magnesium, the user can decrease mate- 
rially his handling costs—raw material entering the 
plant, material in process in the plant and shipments 
of finished goods.” 
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Magnesium is supplanting gray iron in certain 
working parts of lawn mowers—not merely serving 
as housings. Thus, magnesium gears substitute for 
iron. One manufacturer of such parts says: “We 
have the answer to the corrosion, wear and impact 
question. We put iron and magnesium castings into 
an acid bath for 72 hr. Iron was badly deteriorated; 
magnesium only partially so. He goes on to say 
that manufacturers were buying gray iron castings 
at 6c per lb. before the war—today they are 15 to 
20c per Ib. Magnesium has supplanted gray iron 
with a maker of X-ray equipment. In both cases 
mentioned the users say they will not revert to cast 
iron. 

Another interesting competition, not generally 
known, is between cndaal sal and secondary, or 
scrap, aluminum for roofing. The movement bears 
watching. As the price situation lined up early this 
year the consumer paid $10.50 to $12.75 per 100 
sq. ft. for aluminum roofing against $6.50 for gal- 
vanized steel. However, the latter has been unprofi- 
table for the steel mills and higher prices seem prob- 
able. Here is a material with virtually indefinite life 
(aluminum) compared with a material lasting no 
more than a generation with good care. Handicaps 
of the aluminum roofing are: It takes twice as much 
lumber for the roof deck on which the metal is 
laid; it is difficult to lay because of expansion and 
nailing problems. Again, aluminum sheets may 
prove to be brittle. 


Glamor Material: Plastics 


The chief complaint about plastics as a competi- 
tive material are their high cost, but here the price 
tendency continues downward after already drastic 
declines. Thus, polystyrene sold at 45c per lb. in 
1942 and reached 25c in 1944. It may drop further 
to 20 or even 15c. It is pointed out that a pound 
of plastic will go considerably farther than a pound 
of glass, copper, aluminum or even magnesium. 
Herbert R. Simonds, author of the forthcoming book, 
“The Plastics Business,” states: “Plastics prices as a 
whole are still quite high in comparison with other 
basic materials.” Some time ago the magazine Plas- 
tics World listed how many cubic inches of various 
plastics a crisp one dollar bill will buy: thermosetting 
group—general purpose phenolic, 150; urea, 48; 
melamine, 45; thermoplastics group—polystyrene, 
90; cellulose 47; cellulose butyrate, 46; polyvinyl, 43; 
ethyl cellulose, 40; polyethylene, 40; acrylic, 29 and 
nylon, 15. 

As to good old steel, we have already mentioned 
(Fig. 2) how steady, moderately priced and sedate 
steel prices have been all these years, compared with 
other metals. Usually for comparative purposes it is 
called 24 to 3c per lb. Even after the $5 per ton 
rise early this year prices of steel were only 5% over 
the 1937 level. Over the same period hourly wages 
went up 70%. If steel prices had been brought into 
line with other commodity prices the recent rise 
would have been $19 per ton instead of $5. The 
composite price of finished steel since January 1941 
rose 14% against 33% for the index of wholesale 
prices. “Steel Is Still King,” as was stated in the 
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headline of a recent editorial in MATERIALS % 
METHODS. 

The trouble is with most cases of choices of ep. 
gineering materials, it is difficult to prove their 
cheapness, all things being considered. It was a rare 
case, therefore, when Henry J. Kaiser proved con. 
clusively the advantages of magnesium truck bodies, 
At his Permanente, Calif. magnesium plant he used 
trucks in which all body parts were made of “mag” 
including hoppers, hatches, covers, handles, hubs and 
spokes of gears. Construction was Heliarc welded 
and riveted magnesium sheets rolled by Revere from 
Permanente magnesium. The trucks cost $3,750 
against $1,750 made of steel. The pair of trucks 
used in hauling magnesium oxide thus cost $4,000 
in excess of steel trucks. But they made three round 
trips daily, carrying 4 tons of oxide more than 
would steel trucks, a net saving of $31.20. In 128 
days the $4000 was offset and thereafter Kaiser 
made money because of the extra 4 tons per load. 

The ascendancy of one material over another does 
not necessarily work harm on the overtaken metal 
The history of our country shows that discoveries 
or developments of new materials and processes in- 
crease total industry and prosperity and carry along 
the older materials in the wave of prosperity. 

The older materials will not suffer from the newer 
ones. There are continual improvements in the old. 
Fifteen years ago it was deemed impossible to deep 
draw steel into present day automobile bodies and 
fenders, thin, smooth and tough. With growing radar 
applications, for instance, copper will find new outlets 
to make up for lost markets. As a compact electrical 
conductor it has no peer. Magnesium and aluminum 
have a brilliant future, with perhaps magnesium de- 
veloping the most rapidly for it is now farther back. 
There are some truly wonderful plastics which bear 
watching and which will cheapen from present high 
prices: Nylon, Silicones, Teflon and Vinylite. (Sili- 
cone varnishes cost $15 a gal—seven to ten times 
the cost of other good varnishes. ) 

The present era is not a proper one in which to 
make final judgment on values because of too many 
uncertainties in government, politics and sentiment 
of the people. The old line automobile makers, real- 
izing that it takes two to three years between the 
original design and first production, are usually play- 
ing safe by adhering to previous materials. Bolder 
makers, like Crosley, are using innovations—Crosley 
is using an all-aluminum body on his midget car. 

But when conditions become more settled, sup- 
plies of materials more abundant and prices reach 
more typical or representative levels, one can look 
for a field day of shifting to different materials, with 
many novel uses. 

Despite uncertainties the clever materials man will 
be studying the economics of materials, now, and 
will have immediate answers if the boss approaches 
him today for an item for tomorrow. 

In future articles we'll try to get down to more 
specialization—to detailed discussions of individual 
competitive or economics situations in each article. 
Slated for future attention are copper vs. aluminum, 
plastics vs. metals, “extras” on steel, etc. Watch for 
them! 
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Machining and Finishing Cylinder Bores 


at Buick 


KENNETH ROSE, MATERI 


HE FINISHING OF CYLINDER BORES has an im- 

portant bearing upon automotive engine life and 

performance. Several methods of finishing are in 
use, and each has its group of proponents. At Buick 
Div., General Motors Corp., a method of machining 
and treating cylinder bores has been developed by 
research, and is now in use in the engine plant. 

The method provides for (1) the use of machin- 
ing operations that create a minutely grooved sur- 
face; (2) a honing or lapping process to smooth this 
surface partially, and (3) a chemical treatment to 
create a surface texture that will promote proper 
lubrication during the early life of the car. Several 
interesting tools and inspection devices have been 
developed for the process. 

Operations upon the cylinder bores begin with the 
opening of the cored hole in the casting. This is 
done in a rough boring procedure, using 6-bladed 
cutters. For these cutters J-metal, a Stellite-type cut- 
ting tool material, has shown itself to be satisfactory. 

The motor block casting is intended for a straight- 
eight motor, and the boring is done on an 8-spindle 
machine to get high production. About 3/16 in. of 
stock is removed in this first operation, which re- 
quired about 50 sec. actual machining time. The 
cylinder bore is 9 3/16-in. long. 

The next operation performs the functions of a 
finish boring, but as it also corrects any misalign- 
ment of the cylinder bores it is referred to as straight- 
ening. About 0.035 in. of stock is removed. Time 
for this operation is the same as for rough boring, 
that is, about 50 sec. 

In the actual creation of the surface pattern, the 
diamond boring that follows the straightening is one 
of the most important operations. While the boring 
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was formerly done with diamond tools, Carboloy- 
tipped cutters are now used. The work is done on 
an Ex-cell-o 8-spindle vertical boring machine, 
equipped with hydraulic clamping and controls. 
With the spindles revolving at 500 rpm. the ma- 
chining time is about 26 sec. 

As the purpose of the diamond boring is to form 
a pattern on the interior walls of the cylinder bores 
as well as to size the bores accurately, the operation 
is closely controlled. The feed per revolution is held 
at 0.006 to 0.008 in. The cutting tools are ground 
with 15 deg. clearance, 60 deg. lead angle, and 70 
deg. back relief, and with a small but definite radius 
on the nose. This radius is ground to 0.015-in., and 
is held at the indicated curvature quite accurately. 

As a result of the diamond boring the cylinder 
walls have had cut into them a very fine spiral 
groove, with a pitch of 0.006 to 0.008 in., and with 
a rounded trough, or root. This constitutes the first 
part of the surfacing procedure. The “threaded” 
effect created by the diamond boring is distinctly 
visible in the cylinder bore at this stage, although 
the total variation in the surface is less than a 
thousandth of an inch. 

The honing operation is not intended as a sizing 
procedure. Its purpose is to smooth off the minute 
peaks left by the diamond boring, and to create a 
crisscross pattern of honing scratches in the cylinder 
bore. The surface will then consist of a honed 
cylindrical bore with the remains of a spiral groove 
cut into it, and with the crisscrossed honing marks 
the only surface variation clearly visible. 

Honing is done in an 8-spindle Barnes machine, 
using Micromatic hone holders. A long, fast stroke 
is combined with a rotary motion to give the desired 
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pattern. About 18 strokes are all that is required, 
and the whole process requires only a few seconds. 
As has been stated, honing is not used as a sizing 
procedure, but for pattern only. 

The maximum roughness of the cylinder surface 
following the diamond boring operation is about 
0.0005-in. Slightly less than this amount of metal 
is removed during the honing, as a small part of the 
trough remains after honing. 

The stones used are of 150 grit, with J bond, as 
supplied by Micromatic Hone Co. Six stones are 
mounted in each holder. 

Following the honing operation, the motor blocks 
are moved to a special Sheffield Precisionaire gage, 
where the eight cylinders are simultaneously exam- 
ined. The gage indicates variations from a standard 
at four places in each of the eight cylinders, the 32 


simultaneous readings indicated on the face of the 


instrument by bobs held in tubes by a current of a 


The instrument operates upon the air gage princi- 
ple. Pistons are inserted, one in each cylinder, and 
each piston bears four plugs. The plugs are located 
at points corresponding to the skirt of the cylinder, 
the bottom of ring travel, a location in the ring 


travel, and the top of ring travel. Each plug con- 
tains several air ducts, and is connected to a tube 
on the face of the instrument. The amount of ai! 
passing through any of these orifices is a measure of 
the snugness of the fit of the cylinder around the 
plug at that place. This amount of air is in turn 
measured by its ability to float a tiny bob in a tube 
on the instrument panel, and the reading is made 
there. 

Readings are made in steps of 0.0003 in., but 
indicated as class of fit according to Buick practice 
Thus, a cylinder of slightly large size might be a 
fit, or 0.0003 in. larger than a #8. A hinged 
above each cylinder, and attached to the gage, b« 
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a revolving stamp that can be set to the class of fit 
indicated, and stamps this class number on the motor 
block near the cylinder. The stamped numbers are 
lacer referred to when selecting a piston for that 
cylinder at assembly. 

The gaging pistons in the Precisionaire gage are 
rotatable, and a reading can be verified by, giving the 
piston a quarter turn while in gaging position. 








To bring the top and bottom readings together, 
the order of locating the tubes has been changed 
from the order of the plugs. The first tube gives the 006 To 


bottom reading, while the next gives the top read- 
ing. In this way the class of fit can be easily judged. 

Conveyors for the motor blocks are of two types; 
racks with rollers are used at most of the machines, 
while chain belts with bar spacers are used for mov- 
ing the blocks from one machine to the next. The 
racks are placed at the height of the machine tables, 
so that the blocks can be pushed from the rack di- 
rectly onto the machine table. Chain belts are power- 
driven, and serve as conveyors for the longer dis- 
tances from one part of the shop to another. 

The machining of the cylinder bores is completed 
with the final honing for pattern, but another step 
is required to complete the processing of the cylin- 
ders. To assist in maintaining a film of oil over 
the cylinder walls, the interiors of the cylinders are 
given a chemical treatment known as the Lubrite exaggerated view of the 
treatment. The blocks are brought by conveyor to a cylinder wall after the dia- 
circular processing system, or “merry-go-round,” con- mond boring operation. The 
sisting of a slowly moving conveyor inside sheet re ee ere 
steel drip and splash guards. or 

The blocks are moved onto the circular conveyor, 
the bottoms of the cylinders are sealed off, and hol- 
low steel cylindrical tubes are placed inside the 
cylinder bores. These tubes, closed at the bottom, 
greatly reduce the amount of liquid needed to fill 
the bores. Hot Lubrite solution is then added to the 
cylinder bores until it fills the space between the 
cylinder walls and the hollow tube. The temperature 
of the solution is maintained at 205 to 210 F at all 
times. 

Reaction between the solution, largely an acidified 
manganese carbonate, and the walls of the cylinder 
is rapid, and proceeds with a slight “gassing.” Evolu- 
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e of residue remains. This is easily removed by wiping, TON 

the and the walls then show a black, velvetlike surface. ae 

rurn The blocks are placed in another honing machine, 
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Several users of lithium prote: 
furnace atmospheres report th: 
sure and economical way to preven 
scaling and surface decarburization 








Fig. 1—Pit type stress 
relieving furnaces at the 
Tube Reducing Co. plant. 


some Users’ Experience wi 
Lithium Atmospheres for Heat Treating 


by ROBERT $. BURPO, Jr., 4 


ANY OF THE USES to which steel parts are put 
require physical properties that only are avail- 
able after the material has been heat treated. 

For this reason, the heat treatment of steel parts 
(either to increase the hardness and wear-resistance, 
strength, or toughness) is a very important industrial 
process. It is also a process that requires very ac- 
curate control if the parts are to be both uniform and 
clean after treatment. These two problems of cleanli- 
ness and uniformity of hardness (or of other prop- 
erties) can be obviated if the heat treated parts are 
free from scale and if both carburization and de- 
carburization of the work-pieces can be accurately 
controlled. 

Prior to considering the means for the control of 
carburization and decarburization, let us think of 
what happens when a piece of steel is heated in a 
furnace. The work-piece absorbs heat with little or 
no change in appearance or composition until it be- 
comes red hot (at about 1100 F). Then, as its tem- 
perature increases, scale appears on the surface of the 
steel. This scaling is the result of the interaction of 
several compounds (or elements) in the heated air 
inside the furnace with the hot steel. Scale on a piece 
of hot steel prevents it from cooling uniformly in the 
quenching medium, hence it will have soft areas on 


its surface. And if a piece of steel has scale on its 
surface, it has been exposed to a harmful atmosphere 
Therefore, scale not only prevents uniform hardening, 
but it indicates that the surface of the work-piece 
has been attacked by a corrosive (usually oxidizing) 
atmosphere. 

. Hardened parts that contain soft spots often are 
useless and are therefore rejected. It costs money to 
remove scale. These are reasons why scale must be 
prevented from forming. 

Just as scale causes increases in production costs 
and in rejections, decarburization is likewise uneco- 
nomical. Decarburized steel is iron, and iron will 
not harden nor will it resist wear. Often scaling and 
decarburization occur together or successively. The 
decarburization is caused by some component of th 
furnace atmosphere “enticing” the carbon in the steel 
to leave; when the carbon is extracted from steel only 
iron remains. 

Considerable has been written about those com 
pounds or elements in furnace atmospheres that caus¢ 
decarburization and/or scaling. Hydrogen, oxygen 
water vapor and carbon dioxide, and various mixtures 
of these have been blamed. Of course, if one could 
heat steel parts in a vacuum (which isn't commer 
cially feasible) or in an atmosphere devoid of thes: 
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harmful agents, the problem might be solved. 


Controlled Atmospheres 


Controlled atmospheres have been the answer to 
the problem of eliminating scale during heat treat- 
ment. Many atmospheres on the market have a 
limited range of usefulness; one type of gas is used 
for carburizing, another for neutral hardening, a third 
for bright annealing and/or brazing, and yet another 
for carbon restoration processes. 

Many of these atmospheres cannot prevent decar- 
burizing without causing carburization. It has been 
found that some neutral atmospheres allow the pro- 
duction of clean, scale-free, but decarburized work. 
In general, controlled atmospheres require extremely 
accurate control (by gas analysis methods) if they 
are to perform the desired job. This means that a 
constantly varying control is needed to balance the 
scale inhibitors (which are also decarburizing agents ) 
with the proper amount of carburizing gases so that 
the work-pieces are neither subject to scale nor to 
decarb. The balance between these components is 
critical. 1f carbon restoration is desired, a new com- 
plication is added, for in some cases, excessive car- 
burization can be as detrimental as decarburization. 

From the experiences of the users of lithium at- 
mospheres, it would seem that one answer to this im- 
portant industrial problem has been furnished by the 
Lithium Corp. of Newark, N. J. (the manufacturers 
of lithium atmosphere furnaces). This atmosphere, 
according to the user-data obtained during the prep- 
aration of this report, will prevent scaling (or oxida- 
tion) and will control both carburizing and decar- 
burizing. By the use of this one heat treating atmos- 
phere, according to the reports, decarburized steel 
work-pieces can have the missing carbon restored (to 
its former value), low carbon steels can be carburized 
to any carbon concentration desired (without a soak- 
ing or diffusion period), and steels can be hardened 
with no scaling or decarburization. 

All of these things cannot be accomplished at the 
same time, however. By simply adjusting the ratio 
of the air-gas mixture introduced into the furnace, 
the atmosphere can be changed from a carburizing 
medium to one suitable for neutral hardening. Like- 
wise, for carbon restoration, only a resetting of the 
air-gas mixing valve is needed to correct for carbon 
losses in steels of varying carbon content. 

Briefly, the principle of this multipurpose atmos- 
phere which can perform several different jobs is 
illustrated by the schematic diagram, Fig. 2. 

The correct air and propane mixture is cracked 
in a gas heated cracking unit. This produces a hy- 
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drocarbon gas that can, when properly controlled, 
create a carburizing atmosphere in the furnace. This 
cracked gas is run through a water cooled (ordinary 
water from the city mains is adequate) cooler which 
removes some of the moisture. No attempt is made 
to really dry the cracked gas, as this has been found 
unnecessary. Following its passage through the 
cooler, the cracked gas goes to the “lithium gener- 
ator.” (This is a small chamber heated to a tempera- 
ture between 1200 and 1500 F which contains (usu- 
ally) two “lithium cartridges.” / 

A sheet steel cup approximately 3 in. in dia. and 
4 in. deep containing a mixture of lithium salts (lith- 
ium chloride and carbonate mixed with a small 
amount of metallic lithium) is the “lithium car- 
tridge.” When heated, these salts vaporize. Lithium 
vapor is picked up by the cracked propane gas as it 
flows through the generator, and the resulting mix- 
ture is the versatile atmosphere whose uses can be 
determined by changing a manually operated valve 
setting as a control. 

The furnaces are conventional, it is only the atmos- 
phere that is notable. While any type of furnace can 
be used satisfactorily with a lithium atmosphere, 
only gas fired muffle and radiant tube types have been 
promoted, as they seem to be the most economical. 
To date, batch type (box and pit) and continuous 
furnaces have been built and operated successfully. 
Some examples of these various types of furnaces 


are described below. 


Particular Furnace Types 


Several different examples of lithium furnaces will 
be described as they illustrate the capabilities of 
lithium atmospheres when applied to the solution 
of heat treating problems. 

A general purpose lithium installation can be 
found at the plant of Waterbury Farrel Foundry & 
Machine Co., Waterbury, Conn. This company makes 
cold heading and thread rolling equipment, nonfer- 
rous wire drawing machinery, presses, rolling mills, 
and draw benches. Many parts of these machines 
must be carburized and/or hardened. A box type 
lithium furnace is used to heat treat these parts 
to very close hardness tolerances. 

Installed in 1942, the furnace was used exclusively 
for neutral hardening until early in 1945. Since then 
it has been refitted and is now used for carburizing 
during the night and for hardening during the day. 
This changeover from carburizing to hardening, and 
vice versa, is accomplished by throwing a switch on 
the control panel and then resetting the temperature 
control. 
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Fig. 3—These three travelling carbon restoration furnaces are 
used in conjunction with 500-ton forming presses to make hollow 


Hamilton Standard Propeller Div. 


When used for carburizing, the furnace tempera- 
ture is set at 1700 F and no soaking or diffusion 
period is needed to turn out uniformly clean, car- 
burized parts. When hardened, both the carburized 
and through hardening steel machine parts must be 
within + 1 Rockwell C. 

An interesting job performed in this furnace is 
the carburizing of parts made of modified Krupp 

(3312) steel. Because of its composition, this steel 
Rint a somewhat different heat treatment than the 
other alloy steels; it will not harden properly after 
direct quenching from the carburizing heat. The car- 
burizing and hardening cycle employed by Water- 
bury for this steel is: 


1. Carburize at 1700 F in lithium carburizing 
atmosphere 

Oil quench directly frorfi the carburizing heat 
Reheat to 1200 F and slow cool (the work is 
usually furnace cooled ) 

i. Reheat to 1420 F and oil quench (resulting 

hardness is 64 Rockwell C after tempering at 
375 F) 

A large number of parts are processed through 
this treatment, and the hardened parts are given 
100% inspection for hardness before they are per- 
mitted to leave the heat treating department. 

During the daytime, when this furnace is used 
for hardening, work-pieces of varying sizes, shapes 
and steels are heat treated. Uniformly clean and hard 
work has been obtained with oil-hardening steels. In 
the case of water-hardening tool steels, a thin (sub- 
microscopic) soft skin has been found on the hard- 
ened work-pieces. This phenomenon is, as yet, un- 
explained, but being such a thin skin, it is readily 
removed by grinding. That this skin is due to faulty 
quenching practice has been considered, and to date 
no real explanation has been proposed. 

The Waterbury furnace has a pressed steel muffle 
approximately 24 by 18 in. and 6-ft. long (about 4 
fr. is considered to be the actual useful working 
length of the muffle). Manufactured gas from the 
city mains is used for heating and for the protective 
gas curtain at the door of the furnace. Circulating 
city water is used to cool the condenser. 
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The daily maintenance for this furnace includes 
cleaning the atmosphere distribution tube (to remove 
soot) and the replacing of the two spent lithium 
cartridges. The present muffle has been used for 1g 
months and shows no signs of failure. 


Treating Propeller Blades 


Because of the extremely vital part that a propel- 
ler peng, or in the safe operation of an airplane, no scale 
arburization can be tolerated on a steel blade. 
The Hamilton-Standard Propeller Div., United Air. 
craft Corp., East Hartford, Conn., manufactures hol- 
low steel blades for large aircraft propellers. It is felt 
that the present sequence of operations (making for 
high production of these propellers) would be im. 
possible, if it were not for the use of lithium atmos. 
pheres. But to make the story complete, the early 
operations on these blades at the Wallington, N. J.,, 
plant of the Tube Reducing Co. should be discussed 
first. 

A rough chromium-molybdenum steel slug, 43-in 
long with an OD of 6 in. and a wall thickness of 1 
in., is the raw material used by Tube Reducing Cx 
The first operation is a spheroidizing heat treatment 
in lithium pit type furnaces with neutral atmos- 
pheres. By cold reduction, in three passes, this slug 
is then formed into a tube that finishes to 127 to 129 
in. long and having a wall thickness varying fron 
14-in. at the base to 0.046-in. at the tip end after 
machining. Between each pass, the tube is stress re- 
lieved in a neutral lithium atmosphere in a pit type 
furnace at 1250 F. Several of these stress relieving 
furnaces are shown in Fig. 4; the fixtures for holding 
the tubes in a vertical position can be seen along the 
right. Some slugs from which small hollow steel pro- 
peller blades are made can be seen standing in the 
upper left part of the picture. 

The atmosphere in these furnaces is such a lean 
mixture as to be non-explosive, an important con 
sideration when loading and unloading 5 ft. dia. x 10 
fr. deep furnaces under a high production schedulk 
that allows no time for purging furnaces of any ex 
plosive gases. 

The carrier gas (the cracked propane) has the fol- 
lowing composition prior to passing through the 
lithium, generators at Tube Reducing Co.: 


Carbon dioxide 6.5% 


Carbon monoxide 10.2 


Hydrogen 11.5 
Methane 0.4 
Nitrogen Bal. 


After this gas passes through the lithium generator, 
(where it picks up the powerful lithium vapors ) 
has a most important effect on the steel work-pieces. 
Hot stress-relieved tubes can be removed from these 
furnaces and allowed to cool in the air without either 
decarburization or scaling. Besides furnishing scale 
free and decarb-free work, it means that no cooling 
chambers are needed, nor must the tubes be cool 
in the protective atmosphere of the furnace. Th 
the equipment is only used for the most essential put 
poses, conserving both ec juipment and processing 
time. 
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The machining sequence on the formed tubes is 
as follows: 


Bore the ID 
Center and turn the OD concentric within + 
0.0005 in. 

Finish all other surfaces 

Hone the ID 

Magnaflux inspection 

Thread mill the ID at base end. 

The formed tubes are shipped from Tube Reduc- 
ing Co. to the Hamilton Standard Propeller Div. of 
United Aircraft at East Hartford, Conn. Here the 
cubes are heat treated in a series of lithium furnaces. 

This lithium furnace installation is unique for two 
reasons. One is that Hamilton Standard is probably 
the largest producer of hollow steel propeller blades 
in the world and, therefore, the manufacturing proc- 
esses used in the making of these blades is one of the 
most efficient and carefully controlled processes in 
operation in the aviation industry. The second reason 
is that the furnace equipment was especially designed 
to utilize a new principle (the lithium atmosphere ) 
in a wholly novel type of furnace. 

A general overall view of these furnaces is given in 
Fig. 6. The cores of the propellers in various stages 
of completion can be seen standing on the floor on 
both sides of the control board in front of the first 
furnace. Some envelopes can be seen on the dolly in 
the center. The location of the lithium cartridges is 
shown in Fig. 8. This is a view along the side of the 
furnace; in each of the oval depressions the tops of 
two lithium cartridges are visible. 

It was mentioned previously that a change in the 
air-gas ratio was the only control needed over a lithi- 
um atmosphere. The efficiency of this control is con- 
cretely illustrated by the results of a 30 day decar- 





milton Standard. The lithium cartridges, in 
0, are plated in recesses. Cartridges are changed 
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burization test run in a horizontal muffle, neutral 
lithium atmosphere furnace. 


Economics of Lithium Furnaces 


As the furnaces used with lithium atmospheres 
are substantially similar in construction to those built 
by other manufacturers, their purchase price is about 
the same. This means that the cost of the lithium 
atmosphere will be the governing factor when com- 
paring lithium furnaces with those of competitors on 
a cost basis. A typical analysis of the operation costs 
of carburizing in a pit type lithium furnace is sum- 
marized below: 


Furnace load: 1000 Ib. of 0.020 to 0.25% carbon 
steel 

Carburizing temperature: 1650 F 

Carburizing time: 4 hr. to bring furnace load up 
to heat plus 2 hr. at heat 


Cost of city gas per hr.: 
Furnace consumption, 150 ft.*/hr. @ 


0.50/1000 ft.* = $0.075 
Cracker consumption, 60 ft.’/hr. @ 
0.40/1000 ft.* = 0.024 
Lithium generator consumption, 25 
ft.*/hr. @ 0.40/1000 fe.* = 0.010 
Cost of city gas per hr. $0.094 
Cost of propane: 
Propane consumption 3 ft.*/hr. @ 
$0.30/1000 fr.* = $0.0009 


Cost of electricity: 
Electricity used, 2 kw. @ 
$0.02 /kw. = 0.04 
Cost of water: 
Cooling water used, 30 gal./hr. G 
$0.12/1000 gal. = 0.0036 
Cost of “Lithium cartridge”: 
Two cartridges consumed in 24 hr. 
@ $1.85, therefore cost/hr. = 
2 x 1.85 


24 


r= 


==- 0.15 


Total (of above items) cost, per hr. $0.30 


— 





oO 


Depreciation, rent, overhead, etc. is not included 
as these figures would be the same as with most 
other comparable furnaces. 

The rate of carburization is also of considerable 
economic importance when discussing the cost of 
carburizing. It is given as: 


0.020 in. for the first hr. 
0.014 in. for the second hr. 
0.010 in. per hr. thereafter 


The lithium furnace installations that have been 
described above are typical of many others in service, 
and they indicate the range of usefulness to industry 
of lithium atmospheres. The present lithium heat 
treating atmosphere, composed of cracked propane 
(as a carrier gas) and lithium vapors, has a definitely 
wider range of uses than that of any other single fur- 
nace atmosphere. This particular type of atmosphere 
likewise has its limitations; it has not proved suitable 
for heat treating stainless steel nor for the hardening 
of high speed steels. Investigations are being under- 
taken, however, by the Lithium Co. to find suitable 
carrier gases so that the advantages of the lithium 
atmosphere may be extended to the heat treating of 
these and other metals and alloys. 
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The use of magnesium for orincipal 
castings in a portable chest X-ray 
unit reduced its weight by 300 Ib. 
over previous sheet metal model. 
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North American Philips Company, 'nc, 


Portable X-Ray Unit Utilizes Magnesium 


HAT MAGNESIUM WILL PLAY an important role 

in the development of new postwar products is 

an admitted certainty. The new Philips medical 
X-ray unit, designed to handle large groups of people 
for TB chest examinations, is an outstanding ex- 
ample of the trend towards magnesium. 

This chest survey apparatus consists chiefly of the 
X-ray tube with its power supply, the fluoroscopic 
screen, the automatic 70-mm. camera, and the con- 
trol stand. In operation, the image on the fluoro- 
scopic screen is photographed in miniature size on 
a roll of film which accommodates 350 exposures. 
On many assignments 200 to 300 individuals per 
hr. have been X-rayed accurately and efficiently. 
Where the 70-mm. picture indicates the need for 
re-examination on conventional 14 x 17-in. X-ray 
plates, the work can be done on this same unit. 

Portability was of utmost importance in design- 
ing the group survey X-ray apparatus. Weight had 
to be held to a minimum value. In addition, assem- 
bly and disassembly operations could not exceed 15 
to 20 min., including time for packing and unpacking. 

After a thorough study of all suitable materials, 
magnesium was selected as the basic metal from 
which to fabricate the main assembly castings. This 
selection resulted from the following considerations: 


l. Light Weight:— 
Where light weight is of importance, magnesium 
castings frequently will be found to be the answer. 





Magnesium weighs approximately 4 that of iron 
and 3/5 that of aluminum. This light weight of 
the basic material permits, in castings, the applica- 
tion of thicker sections, larger fillets, added stiffen- 
ing ribs, and yet is appreciably lighter than if made 
of any other metal. A magnesium casting with a 
wall thickness 50% more than an aluminum casting 
would weigh no more than the aluminum castings. 
One of the outstanding characteristics of magnesium 
is its low elastic modulus, 6,500,000 psi. This, com- 
bined with an exceptionally high tensile strength, 
creates unusual design problems. 


2. Design Problems:— 

Magnesium parts must be designed with far more 
attention to strains and deflections than parts made 
of other materials. Parts not properly designed for 
stiffness may deflect excessively, possibly transferring 
loads to associated members and causing a failure. 
In addition to the low elastic modulus, special con- 
sideration must be given to the low shock resistance 
of magnesium as compared with aluminum. These 
two factors require that castings be designed with 
large ‘fillet radii, about twice those that would be 
used for iron castings, and with generous tapers from 
heavier to lighter sections. Fortunately, the necessary 
provisions to compensate for low elastic modulus 
and low shock resistance are similar. The above 


should not present a problem to any designer who 
attempts to use magnesium since its high resiliency 
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View of complete group-survey X-ray unit Jevelopy 








View of magnesium castings used in Philips X-ray unit 
assembly. 


makes it suitable in light weight members requiring 
good capacity for energy absorption. This obviously, 
in portable equipment, is of utmost importance. 


5. Machining:— 

Magnesium alloys, in general, have excellent ma- 
chining characteristics but with some essential ma- 
chining practice differences, as compared with other 
metals. These are due chiefly to lower cutting resis- 
tance, lower specific heat, lower modulus of elas- 
ticity, and the chemical properties of magnesium. 
Speed of machining, depth of cut, type of cutter, 
rough cut, finishing cut, ease of clamping part rigidly 
in place, use of cutting fluids;.methods of grinding, 
hazards of fire, etc., all these items are of no unknown 
mystery and an answer to proper machining can be 
found in any shop handbook or data book furnished 
by the manufacturers of magnesium. We have found 
it more economical to machine magnesium than any 
metal we have worked with to date. 


t. Avatlability:— 

Today, there is an ample supply of material for 
all users of magnesium. Many foundries with “know- 
how” gained during World War II in manufacturing 
aircraft parts are available for peacetime production. 


5. Cost:— 

Although higher in price per pound, magnesium 
holds its own when compared with other metals on 
a volume basis, plus the savings in simplified pat- 
terns and more economical machining. 


It was our intention, in listing the above five im- 
portant considerations, that we show the ease with 
which magnesium can be adapted to your designs 
and equipment. We have, since the design of the 
above referred X-ray apparatus, adapted many more 
new designs to the use of this light weight metal. 

In developing the original design for the medical 
X-ray unit, a complete working model was con- 
structed. Exact in every detail, this experimental ap- 
paratus was turned over to the U. S. Public Health 
Service and utilized for chest examinations among 
thousands of people in the New York metropolitan 
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View of silicon-aluminum parts used in Philips X-ray apparatus 
which handles TB chest examinations for large groups. 


area. The original unit was fabricated by hand 
almost entirely of sheet metal. Where wall thick- 
nesses on the sheet metal model were (in many 
instances) only 1/16 in., the ultimate design speci- 
fies magnesium castings with 3/16 in. as a minimum 
measurement. In spite of this increase in volume, 
the magnesium unit weighs 300 Ib. less than its 
sheet metal predecessor. Consider the gratitude of 
X-ray technicians whose packing and handling task 
was lightened appreciably. 

Because the chest-survey unit must be set up and 
disassembled quickly under the most adverse con- 
ditions, the number of parts has been held to a 
minimum. No. tools are required and no group 
assembly in the mechanical section weighs more 
than 80 lb. Obviously, this discussion does not con- 
cern the transformer, rectifier, control stand or the 
protective screen. 

Certain special parts on the X-ray apparatus are 
made of silicon aluminum S.A.E. 35. These include 
knobs, handles and the frame on the fluoroscopic 
hood. Silicon aluminum lends itself well to buffing 
and polishing, and retains a high lustre without 
plating or lacquering. Magnesium which has been 
polished and lacquered will tarnish and assume a 
dull gray color if the protective coating wears or 
chips off. Silicon aluminum dresses up a unit and 
retains its high lustre under all normal conditions. 
Physical characteristics are about the same as for 
other aluminum alloys. 

The Philips chest-survey X-ray unit may well point 
the way for other manufacturers who are hesitant 
about using the new wonder metal—magnesium. It 
has taken the strenuous beating accorded to any port- 
able apparatus. It has withstood one-a-day, day-after- 
day setting up and dismantling routines; it has been 
in and out of schools, factories and every other type 
of location. In most cases, it has been handled by 
female technicians who have labeled it an outstanding 
contribution to the medical profession. 

Grateful acknowledgement is made here for val- 
uable assistance extended by Eclipse-Pioneer Division 
of Bendix Aviation Corporation. Their war expe- 
rience with magnesium castings has helped greatly 
in the design of the Philips group-survey X-ray unit. 
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A group of Eastern Tool 
staple products, including 
a double-eyed stem, twisted 
hook, special tweezers, and 
a special ring hook. 


ire and Ribbon Forms 


by HERBERT CHASE 


HAT THE WIRE FABRICATING TRADE Calls “wire 
forms” constitutes an immensely important type 
of metal product. Total production runs into 

many billions of pieces annually and involves so 

many commonplace items that even those generally 
well informed about metalworking rarely stop to in- 
quire how these items are manufactured, much less 
to find out why they are made as they are or what 
factors enter into their design and ‘manufacture. 

Even the designers of complex products that may 

include scores of wire forms rarely know how the 

forms are made or what should be done to insure 
designs that will yield most per dollar expended. 

Inquiries along these lines quickly reveal that there 
are uncounted types of wire forms and that there 
are numerous types of machines for manufacturing 
products of this character. Some machines make 
only highly specialized wire forms, such as particu- 
lar shapes of chain links or staples of standard pat- 
tern. Cold headers produce another class of wire 
product. Many wire forming machines run continu- 
ously for months at a time almost unattended, mak- 
ing thousands of pieces an hour. It is small wonder 
that such products, although they affect almost every- 
body’s life in uncounted ways, are so commonplace 
as to be taken for granted. 

Wire forms (considering the product rather than 
the form around which they are shaped) are made 


most often from wire of circular section, but there 
is a large output also from non-circular wire and of 
narrow strip or flat stock classed as “ribbon.” The 
same machines are often used for several types. 
Although, broadly speaking, wire forms may include 
helical and other coiled springs, these are excluded 
from this discussion, as are also products that are 
primarily headed without being formed. 

Dealt with here are such items as clips of many 
types, chain links, staples, pins having bent forms, 
hooks of many types; garter, suspender, belt and 
similar slides, buckles and fasteners; rings and loops; 
button shanks, cotter pins, bails, screw eyes and 
other parts with eyes; hose and other clamps, hold- 
ers for candles and other products and thousands of 
springs (other than coil springs) and special ele- 
ments for metal products as well as for those made 
primarily for use with fabric, wood, leather, paper, 
glass, plastics and other materials. 

One large maker of wire forms produces them 
from round wire ranging from 0.005- to 3-in. dia. 
and from a fraction of an inch to 36-in. long. Rib- 
bon stock up to 2)4-in. wide and Yg-in. thick is also 
handled through wire forming machines by this 
company. Both wire and ribbon are formed from 
steel as well as from numerous types of nonferrous 
metals. 

Conventional wire forming machines have four 
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slides, in am average case. Each slide carries one or 
more sections of a die. As these sections advance, 
chey close around a central form which commonly 
has about the size and sectional shape of the space 
that the formed wire encloses. This central form is, 
in effect, the male element of the die, being some- 
what analogous to the punch of a stamping die, but 
is commonly fixed rather than movable. Each slide 
is reciprocated by a cam which controls its motion 
in correct sequence and synchronization with other 
die and machine elements. 

An average machine operates as follows: The wire 
is drawn from a reel through straightening rolls by 
a feeding device that advances the wire against a 
stop. At the end of the feed, the wire is sheared 
off by a cut-off knife and the length of wire is held 
momentarily against the form. As the front slide 
advances its die section bends the two ends around 
the front face toward the right and left sides of the 
form. Immediately thereafter the right and left slides 
are advanced and their die sections press the two 
end portions of the wire against the two sides of the 
form and often part way around the back of the 
form. Next, the rear slide is advanced and its die 
section commonly completes the forming by forcing 
the reamining short end sections against the back of 
the form. 

All four slides are then withdrawn and a stripper 
around the form is lowered to push the formed wire 
down the form and, in most cases, off the form. If 
the forming is not completed, however, the partly 
formed part may be arrested at a lower level (or 
even, in succession, at each of..two lower levels) 
where one or more other portions of the die perform 
other forming. The partly formed piece at the second 
and third levels, when they are needed, is commonly 
formed at the same time that a new length of wire 
is formed. Thus, in general, a completely formed part 
drops from the machine at the end of each complete 
cycle. 

Most frequently, the forming is in one horizontal 
plane but, by properly shaping the die sections or by 
using a tool on the stripper to do some forming, 
bends in any plane can be made. It is also possible to 
add attachments to perform other operations, such as 
curling the ends of the wire one or more times 
around pins to form loops or coils and then with- 
drawing the pins; twisting the wire in various ways 
or interlocking one formed wire part with another 
or with a stamped and formed element. 





Wire forms are so commonplace that 
one seldom questions how they are 
made or considers what should be 
done to insure economical production. 
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Many wire forming machines include small presses 
that perform one or more operations either on the 
wire or ribbon before it is formed or on the formed 
part. These include the formation of flats, the pierc- 
ing of holes, the upsetting of some portion, the 
formation of notches or recesses, or even the assembly 
of some second part to the wire form. Quite often, 
the formed part is shifted automatically into dies in 
the press to perform an operation that cannot be done 
in the forming position. 

Besides the attachments mentioned, there are vari- 
ous cut-off attachments for making cuts at an angle, 
nail point cuts and secondary cuts and other attach- 
ments for winding, milling, welding and dcing other 
operations in cooperation with or independent of 
other elements of the machines. It is not unusual for 
a machine to be rigged to form a wire part, such as 
a square ring, and also a part cut from ribbon metal, 
such as a short tube, and assemble the tube around 
one side of the ring. 

Literally pat we of special attachments are made 
by individual users of wire forming machines and, as 
some of the large users have thousands of different 
dies, it is not surprising that the variety of products 
turned out is almost infinite. One maker of wire 
forms catalogs some 3,000 “staple” items that are 
available from more or less “stock” dies and produces 
a still larger assortment of “special” wire forms in 
special dies made for individual customers. 


Materials Used 


By far the largest production of wire forms is in 
low-carbon steel, but there is extensive use of piano 
wire and other high carbon steel and of alloy steel 
of many types and grades, including stainless steel. 

me is formed soft and hardened later but a great 
deal is formed from wire that is already hard. 

As hardness is rarely uniform, even throughout the 
length of individual coils, spring-back varies and is 
difficult to predict. In consequence, tools commonly 
require repeated trials before desired results are se- 
cured and may need frequent readjustment during 
the course of a run, especially when close dimensional 
limits are set. 

Although steel wire is easiest to work when in 
an annealed conditions—there are cases in which it 
can be worked satisfactorily only in this form—sub- 
sequent heat treatment, if needed, can result in 
warpage or in unfavorable effects upon finish. These 
considerations frequently make it better, when pos- 
sible, to work with wire already hardened and having 
the desired surface finish than to start with an an- 
nealed product and harden it by later heat treatment. 
Naturally, the particular specifications to be met often 
influence the choice not only of the material but of 
the processing to be followed. 

Steel wire is available, of course, with or without 
bright finish and with acid copper, galvanized or tin 
coatings among others. As the specifications often 
call for plating or other finishing after forming, it 
is desirable to start with wire such as will yield the 
required final finish at minimum over-all cost and 
still fulfill other requirements. 
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Typical Nilson four-slide wire forming machine with a press 
designed to produce flats, pierce, form notches before or after 


the wire has been formed. 


The types of wire and ribbon used in wire forms 
depends upon whether or not these forms have spring 
applications. A large proportion of wire forms are 
classed as springs and require the use of high carbon 
steel wire, stainless steel and nonferrous wires and 
ribbons with spring temper in about this order of 
importance. If the forming is severe, wires are used 
in the soft state and the forms are hardened subse- 
quently, if it is required that the forms be in hard- 
ened condition. When the wire form is not re- 
quired to act as a spring, it is commonly made from 
low carbon steel wire, soft ferrous or soft nonferrous 
alloys. 

For wire forms having spring action, the grades 
used, in order of importance are: 


High carbon tempered (041 to 0.85% carbon) 
steel 

Untempered high carbon (0.41 to 0.70% carbon) 
steel 

Annealed high carbon (for subsequent tempering ) 
steel 

Stainless 18:8 steel 

Other alloy steels 

Nonferrous materials 


For wire forms not having spring action, the 
grades used, in order of importance, are: 


Hard drawn basic or Bessemer (low carbon) steel 
Annealed low carbon steel 

Stainless steel 

Annealed nonferrous metals 


When forms are to be made from precoated wire 
or ribbon, zinc, copper or tin are the more common 
coatings, although painted strip is becoming in- 
creasingly popular. Where coating is done subse- 


quent to forming, the most common electrolytic fip. 
ishes are cadmium, zinc or tin but baked japans 
enamels, paints and oiled oxide or phosphate coating 
are often supplied. Many forms are supplied without 
coatings and the purchaser can apply one separately 
or after assembly, say when the unit containing the 
form is finished. The choice of finish is usually dic. 
tated by the appearance required or by the degree of 
corrosion resistance afforded, or beth. 

Electro-deposited coating are commonly furnished 
in thickness ranging from 0.0003 to 0.0005 in., which 
is considered commercial. Thicker coatings are avail- 
able at increased prices. For other types of coatings, 
no thickness limits are specified, as a rule, although 
the minimum resistance to corrosion, as indicated by 
hours of resistance to salt spray under specified con- 
ditions is sometimes used as a yardstick. Oil com. 
monly used over oxide and phosphate coats pre- 
sumably increases their corrosion resistance. 

Besides data on the shape, general dimensions and 
size of wire required, the purchaser of wire forms 
should indicate what load the form must support or 
is likely to be subjected to in service, the essential 
dimensions and tolerances, the character of service, 
including allowable deflection under load, the pres- 
sure that the form must exert, if it is a spring, and 
the conditions of exposure. Samples of the form and 
of the parts with which it is used are helpful, as are 
also data on the motion required in application and 
in service and on the fatigue properties or life ex- 
pectancy anticipated. 

Wire sizes should be indicated by gage number 
(American Steel & Wire, originally known as Wash- 
burn & Moen). The physical properties and com- 
positions of steel wires commonly furnished are as 
given in accompanying tables. 

On cold rolled strip, commercial thickness toler- 
ances run from -£0.005 in. on stock as thick as 0.249 
in. and as wide as 24 in. to +0.001 in. on stock as 
thin as 0.010 in. and 3/16-in. width. Width toler- 
ances depend upon the edge that is specified. 

Wires of circular section are commonly ordered 
according to the range of tensile strength rather than 
according to hardness. On the commercial product, 
a speed of 20,000 to 30,000 psi. tensile strength is 
ordinarily permitted. 

Strip (ribbon) is commonly ordered by “temper” 
number, as follows: 


No. 1, Hard, for flat work only 

No. 2, Half-hard, will take right angle bend across 
grain 

No. 3, Quarter-hard, will bend upon itself across 
grain and fairly well with grain 


Commercial Tolerances on Circular Steel Wire 





| 




















Drawing 
Size Wire |—— - RN nee one : : — 
Regular Semi-Special Special Extra Special 
4 in. and Coarser +0.003 in. +0.002 in. +%.0015 in. +0.001 in. 
V4 in. to No. 14 (0.076 in.) +0.002 in. +0.0015 in. +0.001 in. +0.0005 in 
No. 14% to No. 20 (0.034 in.) +0.001 in. | — | +0.0005 in. | — 
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No. 4, Pinch pass or skin roll 

No. 5, Dead soft, will bend upon itself either 
across or With grain. 

Tempered strip is commonly ordered as such, the 
heat treatment being such that, for a given thickness 
and carbon content, a given hardness prevails. Special 
rempering cycles are sometimes requested but are not 
conducive to quick delivery or to low cost. 

Close cooperation with makers of wire forms often 
results in substantial cost reductions without sacrifice 
in quality or performance. Naturally, if the form is 
one that can be produced on a completely automatic 
machine, the cost is correspondingly reduced unless 
tooling costs become excessive for the quantity re- 
quired. Except where quantities are so small that 
tooling costs become excessive, costs are lowered by 
avoiding shapes that require hand operations. There 
are cases, however, in which a combination of ma- 
chine and hand operations result in minimum over-all 
cost. 

There is, of course, a great variety of nonferrous 
wire that is well suited to forming but, unless the 
desired final properties can be developed by heat 
treatment or by working incident to forming, the 
wire must be given these properties before forming 
is done. Nonferrous wire suitable for springs include 
spring brass, nickel silver, phosphor bronze, silicon 
bronze, Monel, Inconel, K-Monel, Z-nickel and beryl- 
lium copper. 

Where strength and stiffness are of little or no im- 
portance, an almost unlimited variety ot nonferrous 
alloys and numerous pure metals can be made into 
formed wire parts. Many of these metals and alloys 
are high in corrosion resistance and others do not 
require plating to meet appearance requirements. 


Production Rates 


Wire forms are commonly produced at rates rang- 
ing from 15 to 500 a min. The speed of production 
generally decreases as the diameter of the wire and 
the length of wire per piece increase. Exceptional 
complexity in the piece or the addition of any process 
that is slow in itself tends to lengthen the normal 
cycle of the machine and to reduce output per hour. 

Although many wire forms do require secondary 
operations, which are independent of the primary 
forming machine and so do not affect its speed, it is 
a common objective in wire forming to complete 
the product in the forming machine if this can be 
done. Naturally, if the addition of a slow operation 
requires that the machine run slower, so that other 
operations are also lengthened, output is lowered 
accordingly. 

Some secondary operations can be done on fast 
automatic or semi-automatic machines but they are 
likely either to increase handling charges or to re- 
quire some special tooling (such as the provision of 
a special hopper or transfer device) that increases 
over-all costs. 

Wire forming machines are properly classed as fast 
producers and their hourly output rivals that of light 
fast stamping presses. In fact, products made from 
ribbon stock on,wire forms are sometimes duplicated 
NN stamping presses alone and, since many wire form- 
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ing machines include small stamping presses, the 
two are in much the same category. 

In wire forming, scrap losses range, as a rule, be- 
tween 2 and 10%, the percentage increasing, in gen- 
eral, as harder wire is used. Most of the scrap pro- 
duced is not in ends or in material cut into chips, as 
these losses are slight, but in parts that do not come 
within dimensional limits, perhaps because hardness 
and spring-back vary or because distortion takes place 
in heat treatment. Naturally, where wide dimensional 
tolerances are allowed, scrap is likely to be less than 
when limits are narrow. 

There is, of course, no fixed cost for tooling. 
Charges on this score range from a few dollars up to 
$2,000 or more for complex parts for which un- 
usually close dimensions are specified. In general, the 
purchaser pays the first cost of tools after which they 
are maintained without extra charge by the company 
making the wire forms. Setup charges are commonly 
added whenever tools are put into use for a new run. 

Tools are made ordinarily from high carbon steel 
that is hardened and ground, but alloy steel is also 
used. Wear is usually not rapid unless the tools have 
to make sharp bends or to perform a forging opera- 
tion in which considerable flow of metal is involved. 


Design Considerations 


No unvarying rules for the design of wire forms 
can be prepared any more than they can be for the 
design of other products intended for quantity pro- 
duction. It is possible, however, to list several things 
that it is desirable to do and to avoid doing with the 
objective of minimizing cost. But, in so doing, it 
should be understood that such “rules,” if so called, 
have many exceptions and should be followed only 
when the advantage gained by so doing outweighs 
whatever advantage may be realized by a feasible 
alternative. The following rules are subject to these 
limitations but might serve as a list against which 
designs can be checked to see that no possible ad- 
vantages are overlooked. 

1—The design should not call for a greater length 
or a larger size of wire than is necessary to meet per- 
formance requirements. 

This tends to minimize the total length and weight 
of wire needed. 

2—-Dimensional limits should be no closer than 
necessary. 

This is of special importance with spring or other 
hard wire in which the dimensions can not be easily 
controlled because of variable spring-back. If wire 
is annealed when formed and requires subsequent 
heat treatment, there may be some resulting distor- 
tion such as will require extra operations or result 
in excessive scrap if dimensions have to be held 
within close limits. 

3—Allow an inside radius at least equal to wire 
diameter (or thickness) unless assured that a sharp 
bend is feasible without undue extra cost. 

Short bends may result in fracturing or weakening 
the wire or result in a notch effect such as will result 
in subsequent failure. Wire that is soft and ductile 
sometimes can be bent at a sharp right angle but 
then thins out at the bend. An outside radius must be 
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at least equal to wire diameter or thickness unless a 
special coining or other expensive forging operation 
is performed. 

4—Avoid bends closer than 114 to 2 diameters 
from the ends of the wire form unless extra costs for 
trimming after forming are fully justified. 

Bends unduly close to the end of a wire are difficult 
if not impossible to make but, if extra costs for 
secondary trimming operations are warranted, the 
wire form can be made with longer ends that are 
trimmed off after bending. This, however, results 
in waste and an extra operation. 

5—Bend should be in one plane, or substantially 
so, unless other considerations warrant whatever extra 
costs may be involved in making bends in more than 
one plane. 

There are, of course, many cases in which bends 
in two or more planes are fully justified but they are 
likely to increase tooling and setup costs or involve 
higher costs on other scores. 

6—Stick to the simpler designs that tend to lower 
cost and can be made to meet essential requirements. 

Complex shapes usually add operations and make 
tooling and setup costs higher, often necessitating 
special attachments. There are many cases where the 
benefits gained warrant this extra cost, but if a 
simpler solution of the problem that yields a lower 
cost without undue sacrifice on other scores can be 
found, both tooling costs and piece costs may be 
lowered. 

7—The design should be such that the product can 
be completed in one machine, preferably orie of the 
simplest and fastest type. 

Designs that are completed in one machine, prefer- 
ably without extra attachments, usually involve mini- 
mum handling and lowest cost. Simple machines 
usually involve less tooling and lower tooling cost. If 
the machine requires, say, a press to do some flatten- 
ing, upsetting or other work that could be avoided, 
extra dies, a transfer attachment and extra setup and 
maintenance charges are incurred. Often, these yield 
advantages that fully justify the extra cost, but, unless 
they do so, the added cost is not warranted. 


8—Avoid designs that require two or more dee, 
U-bends side by side to be formed by one stroke of 
a single slide. 

Such multiple bends can be formed, in general 
only in sucessive strokes of one slide with a feed be- 
tween, as the wire will break or be very much 
stretched otherwise. A succession of shallow bends 
permits the wire to slide or be stretched much less 
and is entirely feasible. Although a setup for suc. 
cessive deep U-bends made one at a time is feasible. 
it requires a very special setup that is not adaptable to 
rapid production on ordinary machines. 

9—Do not specify such operations as necessitate 
cold forging (such as flattening or upsetting) or 
notching or piercing unless whatever advantages 
might be gained fully justify such extra cost as is in- 
volved. 

Although such operations frequently result in net 
advantages, they are likely to increase tooling and 
setup charges and to involve the use of a more com- 
plex machine or of extra attachments. These, in gen- 
eral, increase over-all costs but these costs often are 
fully warranted by providing a product better adapted 
to specific uses. 

10—Submit design and specifications to a maker 
of such forms or to someone familiar with forming 
practice for constructive suggestions that may lower 
costs or improve functioning of the product. 

Advantage should be taken of the experience of 
specialists who know what troubles can be en- 
countered in production or subsequent application. 
Since most designers of wire forms are not familiar 
with details of production, many of which have im- 
portant effects upon costs, and may not know of al- 
ternatives that will lower costs or avoid subsequent 
trouble, the chance of profiting by following this rule 
is considerable. 

Even if the recommendations made are not fol- 
lowed, they may suggest feasible changes that will 
improve the product or lower its cost or both. The 
earlier in the design that such recommendations are 
sought, the less they may affect mating parts and the 
more may be gained by following the practice. 


Wire forms made from ribbon 

on a Nilson machine. Besides 

being formed, the parts have 

pierced holes or notches pro- 

of the 
achine. Strip at bottom 

in a partly completed stage. 


at ced in the press un ‘ 
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Because of many favorable character- | 
istics, recently developed aluminum 
alloy bearings are receiving marked 
attention for heavy-duty application. og 








Aluminum Alloy 


Bearings for Heavy-Duty Applications 


R. CLAUSER, 


N RECENT YEARS there has been a concentrated 

search for better bearing materials for heavy-duty 

service. Particularly in the automotive and avia- 
tion field, materials for bearings which will give bet- 
ter performance and longer service life are constantly 
sought. The most recent result of this search has 
been the application of aluminum alloys to bearings. 

Development work and experiments with alumi- 
num alloy bearings are being conducted by many 
companies—both metal and bearing manufacturers— 
all over the country. There are very few specific per- 
formance data available as yet, since many companies 
working on the aluminum bearing projects have not 
completed their investigations and so are not pre- 
pared to publish their results. However, it is pos- 
sible now to discern the significant features and 
broad aspects of the aluminum bearing picture. 

This article is intended to serve as a progress or 
Status report on the subject, and will review the 
development work thus far accomplished. Many test 
and performance data are still forthcoming. As soon 
as this information becomes available a more com- 
plete and final appraisal will be made. 


History of Development 


In the development of materials suitable for use 
bearings many bearing requirements or char- 
acteristics must be considered. These, briefly, are: 
Anti-friction characteristics. These include the 
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These represent some of the steel-backed aluminum alloy bear- 
ing forms produced by the Al-Fin process. 


ability of the bearing to resist scoring, galling and 
seizute when, in the momentary absence of the oil 
film, the clean metal surfaces of the journal and 
bearing come in contact with each other. 

Load carrying characteristics. The bearing must 
carry imposed bearing load without permanent de- 
formation. At the same time the bearing must have 
conformability, being plastic enough to yield and 
conform to high local pressures caused by local im- 
perfections and slight misalignments. The bearing . 
must also possess the characteristic calied embeddabil- 
ity—the ability to embed a grit particle and keep it 
from scoring the journal. 

Fatigue characteristics. Since bearings operate un- 
der dynamic stresses, bearing life is largely deter- 
mined by its fatigue resistance. 

Corrosion characteristics. It is necessary that the 
bearing material resist corrosion from bearing lubri- 
cants at the operating temperatures. 

Wear characteristics. The wear resistance of a 
bearing, although important, is largely dependent on 
the other characteristics, such as corrosion resistance, 
strength and hardness, and anti-friction characteris- 
tics. It is also affected by operating conditions. 

Until about 1937, the use of aluminum-base alloys 
for bearings was generally restricted to those appli- 
cations involving service under light loads against 
hardened shafts with good lubrication. Early de- 
velopments in Germany and England followed the 
classical bearing metal theory of a heterogeneous 


Typical structure of 
chill cast aluminum- 
tin-silicon-copper al- 
loy after heat treat- 
ment (100X). 


The bearing surface 
of a similar alloy af- 
ter operation. Bronze 
(broken lines) and 
steel (solid lines) 
have embedded suc- 
cessfully (10X). 


structure consisting of hard crystals embedded in a 
soft matrix. 

Early aluminum bearing alloys contained combina- 
tions of copper, iron, silicon, nickel, manganese, 
antimony and cobalt to provide the hard load-sup- 
porting crystals. More recent German aluminum 
bearing alloys not only had hard particles but also 
a hard aluminum matrix. Such hard aluminum alloys 
were inferior in their resistance to scoring and gall- 
ing and were not satisfactory for heavy-duty service. 
Later German developments attempted to improve 
score-resisting qualities by adding low melting metals, 
such as lead, or by graphite impregnation. 

From time to time during the past ten years or 
so, aluminum alloys containing concentrations of tin 
up to 26% with smaller amounts of copper, nickel, 
manganese, antimony and magnesium have been ex- 
perimented with, particularly in England. By 1939 
some of these alloys were used with reasonable suc- 
cess for connecting rod and main bearings in Rolls- 
Royce products. 

Early tests in this country generally verified Euro- 
pean conclusions that the “hard” type aluminum base 
alloys could be used as connecting rod or crankshaft 
bearings only under moderate bearing pressures and 
temperatures, on hardened journals with a minimum 
of deflection, and with very efficient lubrication. 

In this country experimental work has sought to 
develop aluminum alloy bearing materials for use 
as solid bearings, steel-backed aluminum bearings, 
and powdered aluminum alloy bearings. The first 
two have advanced to the point where bearings are 
now being commercially produced and are in service. 
Powdered aluminum bearings are still in the early 
experimental stages and are not as yet under pro- 
duction. Little can be said about them except that 
during the war Amplex Div., Chrysler Corp., devel- 
oped a self-lubricating powdered ‘aluminum bearing 
equal in performance to self-lubricating bronze bear- 


ings. However, at present they are not applicable to 
heavy-duty service because of their high cost and 
difficulties entailed in their production. 


Solid Aluminum, Alloy Bearings 


An excellent paper, giving results to date on the 
extensive development work done by the Aluminum 
Co. of America was recently presented before the 
SAE Summer Session at French Lick, Ind., by H. Y. 
Hunsicker and L. W. Kempf. This paper reports 
that during the first stages of the development work 
conducted by Alcoa, the alloying of tin with alumi- 
num was found to improve the anti-friction and cor. 
rosion resistance satisfactorily. However, the superior 
anti-friction and corrosion resistance properties were 
obtainable only at the expense of the fatigue re. 
sistance and load carrying characteristics. Therefore, 
in order to develop aluminum alloys which might 
be used as solid bearings, the latter portion of their 
work was devoted to finding means of improving 
these other bearing properties. 

By additions of small amounts of other alloying 
agents it was found that under certain conditions 
sufficient mechanical strength for internal combus- 
tion engine applications could be obtained; at the 
same time, satisfactory conformability and embedda- 
bility characteristics could be retained. Thus, two 
promising aluminum alloys were developed. 

The nominal composition of the one alloy is 
6.5% tin, 1% nickel, 1% copper, and the balance 
aluminum of commercial purity. The nominal com- 
position of the other is: 6.5% tin, 2:5% silicon, 1% 
copper, 0.5% nickel, and the balance aluminum of 
commercial purity. The mechanical properties of the 
aluminum-tin-silicon-copper bearing alloy as deter- 
mined by Hunsicker and Kempf are given in the 
accompanying table and may be considered as typical 
for the two alloys. 

Although they have been tested under both labora- 
tory and actual service conditions, these alloys are 
still considered to be in the “trial” stage. Numerous 
laboratory tests have been run by the Aluminum Co. 
of America as well as other organizations to thor- 
oughly evaluate them. The results are now being 
checked in service tests. Most of the performance 
test data is still incomplete, but from the data now 
available a general evaluation of these aluminum 
alloys as solid bearing materials for high-duty service 
can be made. 

The ability of the aluminum alloys to resist scor- 
ing and seizure under emergency conditions of metal- 
to-metal contact and thin-film lubrication has been 
found to be at least as good as any of the other con- 
ventional bearing materials. Laboratory tests by the 
Aluminum Co. using the scuffing test developed by 
General Motors, showed the aluminum-tin-silicon- 
copper alloy to be superior to babbit (90 tin, 5 cop- 
per, 5 antimony) and copper-lead (55 copper—45 
lead) bearing materials. 

The aluminum alloys (cast, heat treated) hav: 
yield strengths of 8000 to 10,000 psi. (0.2% perm: 
nent set) at room temperature. With this strength 
the bearing material can support the stresses imposed 
by bearing loads encountered in normal heavy duty 
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to right are cast aluminum-tin alloy, steel-backed copper-lead and steel-backed tin babbitt bearings, which were 


tested in a bearing fatigue testing machine 200, 35 and 21 hours, respectively. 


service. However, another factor—mechanical stabil- 
ity—must be considered in applications where solid 
aluminum alloy bearings are installed in steel or 
cast iron housings. Since the thermal coefficient of 
expansion of aluminum alloys appreciably exceeds 
that of steel or cast iron housing materials, the re- 
sulting thermal compressive strains are added to the 
strains ordinarily developed by the initial interfer- 
ence of the bearing assembly. 

Because of these compressive strains (which are 
in a tangential direction in the bearing) greater 
compressive strength is required to resist the de- 
formation induced by the initial interference between 
the bearing and journal plus the thermal compres- 
sive strains. By cold working, such as cold reduc- 
tion of the bearing material, it has been found pos- 
sible to increase the compressive strength and main- 
tain an interference fit in bearing assemblies having 
steel or cast irom components and which do not 
operate at greater than 250 F for extended periods. 

The performance of aluminum alloy bearings in re- 
gard to their embeddability and comformability char- 
acteristics has not as yet been too clearly defined. In 
laboratory tests as well as limited engine service 
tests the alloys have generally exhibited their ability 
to perform satisfactorily under adverse service con- 
ditions where there were substantial shaft-deflections 
and where grit had entered the clearance between the 
bearing and the shaft. In one case where an alumi- 
num-tin alloy bearing was operated for 660 hr. in a 
fatigue testing machine, a number of particles of 
bronze and steel were found embedded in the bear- 
ing surface. The general indication is that alumi- 
num alloy bearing materials will not embed foreign 
particles as well as the softer bearing materials, such 
as babbitt. However, with good bearing design it is 
believed that conformability and embeddability of 
aluminum alloys is sufficient to meet most service 
conditions. 

The evaluation of the alloys’ fatigue characteristics 
has been largely limited to short-time laboratory fa- 
tigue tests. No actual sefvice data could be obtained. 
The laboratory fatigue tests have indicated that the 
two aluminum-tin alloys should have good fatigue 
resistance under both normal and severe bearing pres- 
sures. A test to determine the relative endurance 
t cast aluminum-tin-copper-nickel alloy as compared 

steel-backed 65 copper—36 lead, and steel-backed 
tin-base babbitt -showed that the aluminum alloy 


bearing material was definitely superior. 
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The aluminum alloy bearing materials have excel- 
lent corrosion resistance against the organic acids 
which are formed from the decomposition of lubri- 
cating oils. In comparison tests the aluminum alloys 
have proved to be equal to silver and definitely su- 
perior to tin-babbitt, copper-lead and cadmium-silver, 
in this respect. This ability to withstand corrosive 
attack by organic acids may permit the use of com- 
pound oils in engines. Compound oils, which cor- 
rode the other bearing materials, have superior lubri- 
cating properties and prevent accumulation of engine 
deposits and ring sticking. 

In the production of solid bearings with these al- 
loys, the permanent mold casting method is generally 
used. The minimum section thickness possible is 
around 0.25 in. Connecting rod and crankshaft bear- 
ings for such service as trucks and aircraft, are made 
with as thick a section as possible for optimum 
strength and fatigue resistance. 

Experimental work in manufacturing aluminum 
alloy bearings by die casting has shown definite 
promise. It is probable that die casting will be em- 
ployed for bearing inserts for small engines; also 
for bushings with wall thicknesses of 0.068 to 
0.100 in. 

Some. experimental work has been done to find 
a satisfactory rolling practice for producing alumi- 
num alloy sheet for bearing applications. These 
bearing alloys, if produced in sheet form, would 
make possible fabrication of bearings by low-cost 
metal forming methods such as blanking. In rolling 
it has been found that the required mechanical prop- 
erties can be obtained by controlling the final cold 
reduction. A high limit in yield strength must be 
observed since the conformability characteristics are 
dependent upon the yield. Should yield strength be 
too high the conformability of the bearing will be 
reduced. Yield strengths in cold rolled sheet of about 
15000 psi. appear to be best for most general ap- 
plications. 


Steel-Backed Aluminum Bearings 


Early work on aluminum alloys as bearing mate- 
rials showed that the addition of tin gives excellent 
galling and seizure resistance characteristics, excel- 
lent corrosion resistance, and, unsatisfactory load 
carrying and fatigue characteristics for heavy duty 
service. The one approach, already discussed, was to 
find additional alloying agents to improve the load 
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cafrying and fatigue properties. Another ae 


which will be taken up now, has been the bonding 
of aluminum-tin alloys on to a steel backing. In 
this bearing design the aluminum-tin alloys are de- 
pended upon to provide the bearing with the neces- 
sary anti-friction and corrosion resistance charac- 
teristics, while the steel backing gives the required 
load carrying and fatigue resistance rties. Prom- 
inent in the development of steel- * ed aluminum 
bearings have been Al-Fin Corp. and P. R. Mallory 
& Co. 

Just as with solid aluminum bearings, manufactur- 
ers and users are testing the steel-backed type of 
aluminum bearings. Most of the laboratory testing 
is now een and results are being checked in 
actual service tests. A general evaluation can be made 
on the basis of the limited data available. 

The anti-friction characteristics and corrosion re- 
sistance of steel-backed aluminum bearings are simi- 
lar to those of the solid aluminum type, and there- 
fore are at least as good as the other conventional 
bearings, such as copper-lead, silver, tin and lead 
base babbit. When the binary aluminum-tin alloys 
are used, the anti-friction characteristics are superior 
to the solid aluminum bearing alloys. A desirable 
physical property of binary aluminum-tin alloys is 
their comparatively soft matrix; for example, Brinell 
hardnesses of 30-35 (500 kg. load ) can be obtained 
in bearings manufactured by the Al-Fin process using 
binary aluminum-tin alloys with 6 to 10% tin. 

From the few service reports available, the strength 
and fatigue resistance of steel-backed aluminum alloy 
bearings has proved to be amply satisfactory under 
severe operating conditions. The strength and fatigue 
resistance are, of course, dependent on the steel- 
backing as well as on the bond between the alumi- 
num alloy and the backing material. In tests on one 
type of steel-backed aluminum bearings by the Cater- 
pillar Tractor Co., occasional failure of the bond has 
been reported. However, the number of bond failures 
with steel-backed aluminum bearings has been con- 
siderably lower and the failures less extensive than 
in steel- or bronze-backed babbitt bearings. The 
steel-backed aluminum bearings were repeatedly op- 


Typical Room Temperature Mechanical Properties of Hollow 
Cylindrical Permanent Mold Castings of Aluminum-Tin-Silicon- 
Copper Bearing Alloy 








Cast, Heat 
| | Treated and 
| Cold Worked 
Cast | (4—%4% Axial 
Heat Treated | Reduction) 
Tensile Strength, psi. 22000 | 23000 
Yield Strength in Tension, 
psi.” 9000 17500* * 
Eloncation in 2-in. Gage | 
Length, % 10 7 
Yield Strength in Compres- | 
sion, psi.* 9000 17000* * 
Brinell Hardness 45 50 
Rockwell “H” Hardness 75 90 
Shear Strength, psi. 14500 — 
Endurance Limit (500,000,- 
000 cycles), psi. 9500 _— 











*0.2% permanent set ** In the tangential direction 


636 


erated at higher temperatures and at more than twice 
the load carried by the babbitt type bearings 

The problem of mechanical px ility of a bear- 
ing in the housing over the range of operating tem. 
peratures is always of major importance. In solid 
aluminum bearing applications where the housing 
material is steel or cast iron it has already been noted 
that this is a critical problem because of differences 
in expansion of the bearing assembly parts. This 
problem is reduced considerably with a steel-backed 
type of aluminum bearing. The difference in expan- 
sion between the housing and bearing is less, be- 
cause it is controlled by the steel backing. In addi- 
tion, the elastic limit of the bearing—which is also 
dependent upon the steel backing—is greater than 
the solid aluminum at elevated operating tempera- 
tures. Experience has shown that steel-backed 
ings can be designed to permit a stable stitial 
fit over a considerable range of operating tempera- 
ture, not only for similar but also for dissimilar 
mating components, as in the case of steel-backed 
bearings in aluminum crankcases. 

In general, steel-backed aluminum bearings have 
proved to be particularly applicable in installations 
requiring thin wall bearings. Here the steel backing 
supplies the necessary yield strength to resist defor- 
mation under heavy-duty load conditions. Where 
bearing temperatures are very high and would cause 
solid aluminum bearings to exceed their yield 
strength and affect mechanical stability, the steel- 
backed aluminum bearings are also suitable. 

Two fabricating methods are presently being used 
for steel-backed aluminum bearings. In the proce- 
dure developed by the Al-Fin Corp., steel tubes 
(plain carbon or alloy steel, depending on its appli- 
cation) are cut to desired lengths in automatic ma- 
chines. The aluminum bearing alloy is then cast 
against the prepared steel surface. Depending on 
the application, the aluminum alloy can be placed 
on one or both sides of the steel backing and on the 
ends, if desired. The shells with the aluminum lin- 
ing are subsequently machined and used as og 
or they are split for manufacture of bearing halfs. A 
similar procedure is followed for bushings and 
flanged bearings. (An article on the Al-Fin process 
in general appeared in MATERIALS & METHODS for 
October, 1945, page 1090.) 

In the method employed by P. R. Mallory & Co, 
the aluminum bearing material is bonded to the steel 
backing in sheet or strip form. The bearings are 
then formed from the flat stock by any of the usual 
metal forming processes and machined to the desired 
dimensions. Bearing halfs, split round bushings, and 
any other bearing shape which can be formed from 
sheet, can be fabricated. Either one or both sides of 
the bushing can be covered by the bearing material. 

In conclusion, it must be emphasized that the place 
of aluminum alloy bearings in the heavy-duty bear- 
ing field has not as yet been completely defined. Only 
when the study of their performance under actu: al 
service conditions is completed can a final appraisal 
be made. However, there is no doubt that aluminum 
alloys as bearing materials have a bright future and 
that the months to come will see continued develop- 
ment of their possibilities. 
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Heat Treatment and Stabilization 
of High Carbon Stainless Steels 


H. E. BOYER, chief Metalturgis: 


LTHOUGH WE HAVE DONE a great deal of re- 

search work in the heat treatment of several types 

of martensitic stainless steels, the text of this 
paper deals entirely with Type 440C, which is the 
1.00% carbon and 17.00% chromium grade with 
0.50% molybdenum. Our goal in the development 
of heat treatments for this steel has been not only 
to obtain maximum hardness and wear resistance, 
but to develop a high resistance to corrosion, maxi- 
mum toughness and dimensional stability, which is 
necessary in the manufacture of precision parts. 

It has long been known that a high alloy such as 
Type 440C stainless retains high percentages of 
gamma phase after being cooled from the austenitiz- 
ing temperature. This condition not only prevents 
maximum hardness from being obtained, Ge ae 
leaves the heat treated parts in a state of Tecasiaaes 
instability. This can frequently cause difficulty after 
short periods of service. Our experience has shown 
us that it is usually advantageous to use austenitizing 
temperatures somewhat higher than have been recom- 
mended. By the use of higher austenitizing tempera- 
tures a greater percentage of carbide is dissolved in 
the austenite, thus resulting in a higher initial hard- 
ness, as well as a higher secondary hardness. Ex- 
perience has proved that such practice causes a 
higher percentage of austenite to be retained, but by 
employing the use of low temperature treatment im- 
mediately after the quench, a great deal of this 
gamma phase is transformed. 

The authors used 2-in. x 0.575-in. test specimens 
for all the heat treatments and tests. The results of 
these tests are shown by the charts and photomicro- 
graphs. These test pieces were all austenitized in a 
Sentry high temperature furnace using diamond 
blocks for atmosphere. Tempering was done in a 
standard Leeds & Northrup Homo furnace, and the 
low temperature operations were carried out in a 
standard “Deepfreeze” unit using air as a medium 
rather than any liquid. All of the methods used in 
the tests are entirely practical and can be duplicated 
in any heat treating department. The authors used 

highly reducing atmosphere for the austenitizing 
operation, although it is not absolutely necessary 
because test pieces austenitized in an oxidizing at- 
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mosphere showed full hardness with little evidence 
of scale or decarburization. When possible, however, 
it is advantageous to use a neutral or reducing atmos- 
phere in order that cleaner surfaces on the work may 
be obtained. 

All measurements made in order to show the 
amounts of existing austenite were made by using 
the core loss principle, which merely takes advantage 
of the magnetic and nonmagnetic properties of the 
alpha and gamma phases, respectively. 

Charts numbered one to ten inclusive show the 
hardness values that can be obtained from different 
austenitizing temperatures, using oil or air quench- 
ing. The effect of the low temperature treatment 
used immedately after the quench is also shown on 
each of these charts. As might be expected, it is evi- 
dent from these charts that as the austenitizing tem- 
perature is increased the hardness obtained from the 
as quenched pieces is also increased. It can be seen 
that in most cases the speciments quenched in oil 
show slightly higher hardness values throughout 
the range than those cooled in still air. It also may 
be observed that Type 440C stainless, as in the 

case of most high alloys, possesses marked secondary 
hardening characteristics, which is proven by explor- 
ing the tempering range up to and including 1050 
F for each of the five selected austenitizing tempera- 
tures. It is quite noticeable that in all cases the peak 
of the secondary hardness is relatively sharp. After 
this peak is reached the drop in hardness is extremely 
rapid. The peak of the secondary hardness for an 
austenitizing temperature of 1800 F may be ob- 
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DOTTED LINE — TREATED AT -i20 F 
BEFORE TEMPERING 

300 600 900 
TEMPERING TEMP. — DEG. F. 


Austenitized at 1800 F, cooled 
in air and tempered as shown. 
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im air and tempered as shown. 


tained by tempering at about 850 F. When the 
austenitizing temperature of 2000 F is used, the 
peak of the secondary hardness will be found by 
tempering at 900 F. As is logical to expect, the 
effects of low temperature treatment, shown on the 
charts by the broken line, are much more noticeable 
as the austenitizing temperature is increased. This 
merely proves that the temperature range over which 
martensite forms is lowered and that the location of 
this range is a function of the austenitizing tempera- 
ture which causes greater or lesser percentages of 
carbide to be dissolved in the austenite. 
Photomicrographs in Figs. 15 and 16 show the 
structures of specimens after air cooling from 1800 
F and 2000 F, respectively. Both of these specimens 
were electrolytically polished, etched in ferric chloride 
and photographed at 2150X. The variation in car- 
bide solution as well as grain growth is obvious. 
To obtain more data on this type of steel we 
austenitized test specimens over a very wide temper- 
ature range (1800 to 2000 F inclusive) in 50-deg. 
steps, the main purpose being to reach a tempera- 
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Austenitized at 1800 F, oil quenched 
and tempered as shown. 
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Austenitized at 1900 F, oil quenched 
and tempered as shown. 


ture to result in nearly 100% carbide solution. 
Fig. 11 is a chart showing the percentage of aus- 
tenite retained after quenching from the various aus- 
tenitizing temperatures over this 400-deg. tempera- 
ture range, as well as the amount that can be 
transformed by treating at —120 F and subsequent 
tempering at 900 F, which is the temperature as- 
sumed to show maximum secondary hardening prop- 
erties. No further structural changes were found to 
take place in these specimens after the low tempera- 
ture treatment and one draw or temper to 900 F. It 
is always our practice, however, to use a double tem- 
pering operation in order to temper the newly 
formed martensite. It was found impossible to affect 
any further transformation of the remaining aus- 
tenite by the use of repeated’ tempering operations 
or low temperature treatments. Specimens austeni- 
tized at 2150 F or higher were found to be 100% 
austenitic after the quench. Low temperature treat 
ment and subsequent tempering caused a transforma 
tion of only about 3% of the total volume. Such 
findings are well proven by the photomicrograph in 
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Fig. 17. This shows the structure of a specimen 
austenitized at 2200 F, cooled to —120 F, and double 
tempered at 900 F. This specimen was also electroly- 
tically polished, etched in ferric chloride and photo- 
graphed at 2150X. The very small amount of trans- 
formation product at the grain boundaries is obvious. 

The chart shown in Fig. 12 is similar to Fig. 11 
and requires but little explanation. The difference 
is merely in the sequence of operations. In the case 
of Fig. 12, specimens were tempered at 900 F im- 
mediately after quenching, then subjected to —120 
F, which was then followed by retempering at 900 F. 
As shown in previous work, the specimens were 
found to undergo no further structural changes by 
repeated low temperature or tempering treatments 
though the lines on Fig. 12 do show a somewhat 
lifferent pattern. This further proves that if low 
temperature treatment: is used its maximum value 
can be obtained only by using it immediately after 
quenching. 

As indicated in Fig. 12, the specimens austenitized 
it 2050 F behaved in a seemingly peculiar manner. 
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Specimens austenitized at 2050 F show that a 
greater met amount of transformation was affected 
by the low temperature treatment and the second 
temper than in the case of the specimens austenitized 
at 2000 F. This data was rechecked a number of 
times, but results were found to be the same in each 
case. 

While it is generally agreed that impact testing 
on highly hardened steels is likely to give erratic 
results, so that true characteristics are not revealed, 
we have found by using a large number of specimens 
that much can be learned. 

Fig. 13 shows impact results (unnotched Izod) 
which were obtained on specimens air cooled from 
1950 F which we regard as the optimum austenitiz- 
ing temperature, at least for most purposes. Speci- 
mens were impact tested in the as-quenched condi- 
tion as well as after quenching and subjecting to 

120 F. Other specimens austenitized in the same 
manner were tempered in 50-deg. steps from 300 to 
1050 F inclusive. Many specimens were used in 
order to obtain the data shown in this chart so that 


639 


mo ae os 
SS Se Ue ee ee 





Citas soe eee ee 


: ee 









































>-—- = 2 oe gek oe 
60 + 
- . 
}- -0- -0-4--o- -0 PO aa 
‘ 
© 55 NN , ina) y 
‘ 
4 ‘ 
oan ‘ 
w ‘ 
= 
S80 SHEEN oe u 
o ‘ 
4 ‘ 
i ‘ 
> 
o 4s 
i) 
z 
o 
« 
=4 














SOLID LINE ——-NOT LOW TEMPERATURE 
TREATED 

DOTTED LINE —- TREATED AT-i20 F 
BEFORE TEMPERING 























300 600 900 
TEMPERING TEMP.— DEG. F. 


Austenitized at 2000 F, cooled in air and tempered as shown. 
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the lines show the average impact value while the 
dots or circles show the range. The solid line shows 
the impact value for specimens which had not been 
low temperature treated while the broken line rep- 
resents the average value for specimens which were 
subjected to —120 F after still air quenching. This 
steel obviously has a lower impact value when sub- 
jected to the low temperature treatment which might 
be expected since these specimens were harder and 
showed a higher percentage. of transformation to 
martensite. It is also important to note that the 
relatively sharp secondary hardness peak which is 
obtained by tempering at 900 F is immediately fol- 
lowed by a sharp drop in impact value, thus suggest- 
ing that temper brittleness is present in specimens 
tempered at 950 F for the above austenitizing tem- 
perature. After tempering at 1000 F the impact 
value rises rapidly as the hardness decreases. 

At least as a matter of academic interest and pos- 
sibly to assist in answering a rather old question some 
data on the necessary time for parts to be held at 
low temperature are also included, as shown in Fig. 
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Austenitized at 2000 F, oil quenched and tempered as shown. 
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14. From the data shown in Fig. 11 it is obvious 
that the amount of transformation accomplished by 
the —120 F was about 22% of the total volume in the 
case of specimens austenitized at 2000 F. We there- 
fore selected this autenitizing temperature to obtain 
the data shown in Fig. 14. A large group of test 
specimens were austenitized at 2000 F, air cooled to 
room temperature and immediately subjected to a 
medium of air at —120 F. We then removed the 
Specimens at 5-min. intervals, measuring the amount 
of transformation after they had again assumed room 
temperature. This was continued until the length of 
time was found after which no further transforma- 
tion took place. It may be readily observed that no 
further transformation took place on specimens 2-in. 
x 0.575-in. after 4 hr. at —120 F, which means that 
as soon as the temperature is reached no further 
transformation will take place at that given tempera- 
ture. Prolonged holding at low temperature or re 
peated cycles at low temperature seem to be of ab 
solutely no value. 

The data given in this paper have actually been 
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compiled over a period of several years. In the light 
of new experiences, however, conditions have caused 
us to recheck some of our work during the past year. 
It is our hope that this information will be of prac- 
tical value to metallurgists and heat treaters as well 
as to invite further research by others which will be 
of value to everyone using high alloy steels. 

From the information given in this paper the 
metallurgist or heat treater should be able to select 
heat treatments to fit particular engineering demands. 
For most purposes, however, involving the use of 
this steel we recommend that Type 440C stainless 
be austenitized at 1950 F in a protective atmosphere, 
quenched in still air, cooled in a medium of air to 
~—120 F and double tempered at 900 F. Although 
our experience with the use of a high temperature 
salt bath for the austenitizing operation is limited, 
we do know that such a method is very successful. 
Such a treatment as described above will produce 
work that is consistently 57 to 60 Rockwell C, will 
possess good resistance to wear, dimensional stability 
and a high resistance to most forms of corrosion. 
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At the left is a drop-forged disk “as forged.” To its right is 
the same disk after machining and with blading attached. 





Drop Forgings for Gas Turbine Application 


by CARL 1. SCHWEIZER, 


HE HISTORY OF THE EVOLUTION of the gas turbine 

has been well reviewed in many articles written 

recently, and will not be repeated in this one. 
Suffice to say that the underlying principle is old 
and sound, and that its ultimate economical applica- 
tion as a prime mover is much closer to realization 
than it was just prior to the war. It remains for the 
engineers and metallurgists to push the improvement 
of design and material only a little farther and the 
result will be the widespread use of a new competitive 
engine. 

The author recognizes that in the gas turbine (and 
in its jet engine counterpart) there are, and nce 
always will be, some forged parts, some cast parts, 
and some parts formed of sheet metals. This article 
is not written for the purpose of comparing different 
methods of manufacture, but rather to discuss the drop 
forging of those gas turbine parts which have been 
specified as, and ordered as, drop forgings. 

Three general classifications will cover most of the 
forgings used in these engines. They are (1) alloy 





in the nation's drop forge shops. 
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steel forgings which serve as part of the structural 
bracing and upon which the stresses are more or less 
static and fixed; (2) disk type, or rotor forgings, 
which are usually formed of some special alloy pos- 
sessing high strength at elevated temperatures, and 
which are subject to high centrifugal Stresses due to 
their speed of rotation (see Fig. 1); and (3) blade or 
bucket forgings, also usually of special ieee and 
subject to complex vibratory stresses as well as cen- 
trifugal stresses (see Fig. 2). 


Alloy Steel Forgings 


The forgings of group 1 (alloy stéel) need no 
special comment. They are similar to any other quality 
aircraft forging suitable for fuselage construction 
applications. 

Disk and rotor forgings served to initiate the 
industry into the manufacture of custom made forg- 
ings from special materials. Production manufactur- 
ing of disks originated at the time that the. aircraft 
engine turbosuperchargers began to be built in 
quantity. The turbo rotors are closely enough related 
to gas turbine rotors to warrant some discussion 
Turbo disks, to which suitable blading was attached, 
operated by the expanding of hot exhaust gases 
through their blading. The temperatures of the disks 
often reached 1200 F. It was necessary, therefore, to 
employ alloys in which high strength and creep resis- 
tance at 1200 F could be developed, and which were 
resistant to oxidation, or corrosion by hot gases. The 
alloys also had to be machinable. 

The most promising materials from the start ap- 
peared to be the high chromium-high nickel austenitic 
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stainlesses. Modifications in the form of stabilizer 
additions, additions of strong carbide-forming ele- 
ments, increased nickel content, and the addition of 
molybdenum for creep resistance eventually produced 
more satisfactory alloys. 

Table I shows the analyses of some of the materials 
that have been or are being used for turbosuper- 
charger, gas turbine, and jet engine rotors. 

The centrifugal stresses encountered on turbo- 
supercharger discs (on the order of 28,000 rpm. at 
1200 F) necessitated in some cases the use of further 
treatment than just hot forming for the development 
of optimum physical properties. Considering the 16- 
25-6 alloy used in the General Electric turbosuper- 
charger, the practice consists of hot forging, or 
blocking, to the approximate finished dimension, and 
then re-forging below the temperature of recrystalliza- 
tion, thereby cold working the material and increasing 
its strength. 

Although gas turbines and jet engines (which have 
been developed subsequent to the introduction of the 
turbosupercharger ) supply their own hot gases instead 
of utilizing exhaust gases from another engine, the 
disk requirements are very similar. This fact lead 
most of the first manufacturers of gas turbines and 
jet engines to use the existing turbo alloys as the 
starting point for further development work on even 
higher temperature alloys. At the present time 16-25- 
6 and 19-9 DL are the most universally used rotor 
materials for gas turbines. 


Disk Forgings 


Two types of disk forgings are in current use. First 
is the “pancake” type of upset forging in which the 
finished disk faces are parallel and require considerable 
machining. Die preparation costs on this type of 
forging are comparatively low. Second is the “con- 
tour” upset forging in which the metal grain flow 
follows the cross sectional contour of the finished 
shape. The contour type requires much less machining. 
Both the pancake and contour types can be either hot 
forged, or hot and cold forged, depending on the 


alloy being used and the engine manufacturer's de- 
sires. The contour forging is usually preferred both 
for economy of machining and also because of the 
advantage of proper fiber direction. 

There are several manufacturing problems involved 
in contour forging where hot and cold forging are 
required. The original bars as received from the alloy 
manufacturer are surface ground and must have no 
harmful center segregations. After blocking, the 
semi-finished forgings are inspected for surface de- 
fects which, if present, must be removed before the 
final low temperature forging operation. Die wear is 
comparatively rapid during the latter stages of forg- 
ing. The alloys under discussion are much stiffer at 
hot forging temperatures than ordinary alloy steels, 
and their plasticity at the finishing temperatures is 
even less. The inherent stiffness = these alloys and 
the resulting die wear are better appreciated if it is 
remembered that the prime requirement of the disks 
in service is that they do not deform at elevated 
temperatures. 

The final processing consists of relieving residual 
forging stresses by a heat treatment at around 1200 F. 
The hardness resulting from the hot and cold forging 
and stress relief ranges from 241 to 311 Brinell. To 
prevent any great variations in hardness within a 
single forging, a proper design balance between 
blocking and finishing dies must be maintained. 

An adequate upset ratio (ratio of length of forging 
multiple to the cross sectional size) is mecessary to 
insure that the resulting grain fiber will best enhance 
the physical properties of the finished disk. 

Some engineers prefer disks hot forged only (no 
subsequent low temperature work). In such cases 
19-9 DL is the material most frequently used. As hot 
forged this alloy does not develop the hardnesses 
shown by the low-temperature-forged 16-25-6 or 19-9 
DL materials, but its properties at the higher service 
temperatures are comparable. Among several other 
good disk materials not quite so universally used are 
S-590, Inconel X, and N-155 (see Table I). Best 
working properties on these alloys are developed not 
by cold working, but by solution treatment and age 


Table |—Rotor Materials in Current Use 











Alloy | 
Developed Alloy . 
By | Designation Cc Ni 
Timken Roller 
Bearing Co. | 16-25-6 
Universal- 
Cyclops Steel 19-9 DL 0.26/0.36 | 8.0/10.0 
Universal- 
Cyclops Steel 
*U.C.&C. 
Corp. N-155 | 0.10/0.20 | 18.0/22.0 
Allegheny- 
| Ludlum Steel S-590* * 0.43 19.42 
| International 
| Nickel Co. Inconel X | 0.08 max. | 71.0/75.0 


0.12 max. | 24.0/27:0 | 15. /17.5 | 5.5 /7.0 | —_ as 
18.0/22.0| 1. /15 | 1/15 es 
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Analysis 


Cr 3 Mo ! Ww Co ; Others 
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Ti 0.20/0.60 
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Ti 0.20/0.60 


‘Ch 0.75/1.25 
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hardening. Although this heat treatment makes their 
processing somewhat more cumbersome, the high 
temperature properties developed by these materials 
are certainly worthy of consideration. 


Blades and Buckets 


Parts falling within the group 3 classification 
(compressor blades and turbine buckets) are, by their 
design characteristics, the most difficult types to pro- 
duce by forging. 

As the building of experimental jet engines and 
aircraft gas turbines progressed, it was realized that 
the number of blades required would be tremendous. 
The quantities of compressor blades and turbine 
buckets necessary to construct certain models, includ- 
ing replacements, runs into four figures. The forging 
industry was asked to enter into this production for 
two purposes. First, its production, added to that of 
the casting industry, would come closer to furnishing 
the necessary number of blades. Second, it was 
thought that forged blades might offer some engineer- 
ing or metallurgical advantage over cast blades. To 
date no specific material nor method of manufacture 
for blading has been universally accepted as standard. 

Blades are used in great quantities in the axial flow 
compressor component of the gas turbine engine. 
This compressor, although it operates at the same 
speed as the turbine which drives it, is not subjected 
to elevated temperature conditions. This factor has 
allowed the design engineers a wider choice of com- 
pressor blade materials. They may be either cast or 
forged of almost any number of materials including 
carbon and alloy steels, the turbine quality stainlesses, 
aluminum, etc. At the Steel Improvement & Forge 
Co. compressor blades are forged of Type 403 stain- 
less, with the final forging temperature controlled to 
produce a blade hardness of 32 to 42 Rockwell C. The 
engine manufacturer finishes the forgings by milling 
a dovetail at the root, and then grinds the leading 
and trailing edges slightly to their final shape, and 
polishes the blade. 

One of the underlying principles of the gas turbine 





is that its efficiency increases as the temperature of 
the products of combustion increases. This fact, when 
translated into the field of practicality, indicates that 
certain zones in the gas turbine should be able to 
Operate at sustained temperatures in excess of 1300 F 
for the life of the engine. This requirement governed 
the choice of gas ciation bucket materials. Operating 
conditions are similar to disk operating conditions, 
except that the buckets attain a somewhat higher 
temperature in service, and are more complexly 
stressed. Therefore, alloy materials of suitable strength 
at even higher temperatures were needed. In the case 
of the turbine buckets, which constitute the driven 
mechanism of the turbine, actual operating tempera- 
tures range between 1200 F and 1400 F, with the 
ultimate aim even higher for the sake of efficiency. 

Complex operating stresses and thin cross sections 
have in general precluded the use of the same mate- 
rials for buckets as is used in disks. It would be 
extremely difficult to use the hot-and-cold forging 
procedure on sections of this size. The materials most 
widely used for turbine buckets are Vitallium, or 
Haynes-Stellite #21 (always used in the cast condi- 
tion), Hastelloy B, S-816, and K-42-B. Among some 
of the other bucket materials which are used less 
universally are N-155, 16-25-6, and Inconel X. Test 
results on the latter alloys indicate that their high 
temperature properties are commendable. See Table 
II for analyses of bucket materials. 

Both bucket and disc alloy development is being 
carried on with speed and enthusiasm by practically 
all of the steel companies, many of the nonferrous 
alloy manufacturers, and engine producers. 


Forging Requires Many Operations 


The actual forging of the above materials into thin 
sections requires a great number of operations. Forg- 
ing temperature is rapidly lost after one to three ham- 
mer blows are struck, and a series of reheatings must 
be made as the forging progresses. These alloys are 
quite prone to rupture during the initial breakdown 
operation and must be hammered with fairly light 


Table 1I—Blading Materials for Forged Buckets 
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blows. As the work assumes a thinner, flatter shape, 
ind the hammer blow is distributed over a larger 
area, heavier blows may be struck without danger of 
cracking. On many of the blade designs as the final 
stages of forging are reached the metal is so thin 
that only one blow per heating is possible. 

From the beginning the most difficult problem 
encountered in the manufacture of forgings of this 
general type was to hold them to the desired shape 
and thickness tolerances. These tolerances (as little 
as +0.010 in, —O in. on sections ranging from 
0.30-in. to 0.020-in. in thickness) were so much 
narrower than forging shops had been used to work- 
ing to that a whole new attitude had to be accepted. 
Die impressions had to be sunk to within 0.002 in.; 
unorthodox die materials had to be used at unorthodox 
hardnesses to minimize die wear and loss of shape; 
new forging furnace installations had to be arg 
(oO insure against excessive scaling, decarburizing, o 
carburizing during the many heatings required on a 
particular forging before it reached its finished size; 
mproved die swabbing compounds were needed to 
prevent forgings from sticking in the dies; “process 
grinding” between forging operations proved bene- 
ficial; constant laboratory supervision of all forging 
processes, atmosphere control, and heat treating was 
adopted. 

The combination and use of the above innovations 
eventually enabled the Steel Improvement & Forge 
Co. to produce buckets and blades of acceptable size 





and shape. (It was apparent from the start that it 
was the purpose of the engine manufacturers to do 
as little machining or grinding as possible on these 
parts and that the nearest thing to perfection that 
could be supplied by blade producers would not be 
too good. The ending of the war emergency has 
loosened the reins somewhat, and the trend among 
some of the companies interested in the peacetime 
production of gas turbines is toward accepting forg- 
ings to less stringent thickness and shape tolerances. 
Under the latter plan, forgings are much cheaper to 
produce, and part of the resultant savings can be used 
to accurately machine-finish the blades. ) 

As was mentioned in a previous paragraph, extreme 
difficulty would be encountered if it were endeavored 
to obtain physical properties by cold working forgings 
of the. shape and size of blades. Therefore, the phy- 
sicals which are to be ultimately obtained are usually 
developed by heat treatment only. Most of the bucket 
materials discussed in the preceding paragraphs have 
their best properties developed through solution 
treating and age hardening. Table III lists the hard- 
ness ranges normally specified for blades and buckets 
made of various alloys, and indicates the type of heat 
treatment used to obtain the hardnesses. 

Stress to rupture data have purposely been omitted 
as being superfluous under the subject of discussion. 
Information of this nature, covering physical and 
mechanical properties, may be obtained from the 
respective alloy manufacturers. 


Table 1!!—Usual Hardnesses of Forged Buckets and Blades 
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Alloy 

| Designation Application Hardness Method of Obtaining 

| Hastelloy B Turbine buckets 93 to 103 R/b Stabilize 24 hr. and 1900 F 

| 5-816 Turbine buckets 26 to 33 R/c Solution treat and age harden 
| N-155 Turbine buckets 245 to 300 BHN Solution treat and age harden 
| Inconel X Turbine buckets 280 to 330 BHN Solution treat and age harden 
| 16-25-6 Turbine buckets 200 to 300 BHN Hot forge and stress relieve* 
| K-42-B Turbine buckets Information not available at date of publication 

| AISI-403 Compressor blades 32 to 42 R/c Control forging temperature 








Finishing temperature can be varied to obtain desired hardness 
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Shown in operation here is a 5/16-in. double stroke 
Courtesy: Corbin Screw Div 


solid die cold header 


Dies for Cold Headers 


HANCOCK PALMER. 


ECENT STRIDES MADE BY THE cold heading process 
are so tremendous, and the importance of the 
process to the technological progress of the metal 

fabricating industry is growing so rapidly, that the 
problems attendant upon the method must and will 
be overcgme. 

Cold heading is approaching screw machining in 
accuracy. It has natural advantages of higher produc- 
tion speeds, lower scrap losses, and better physical 
properties in the part manufactured. It will continue 
to press for lower tool costs, greater accuracy, and 
more intricate work in its attempt to compete for 
business which has hitherto been a screw machine 
monopoly. 


Mr. Palmer gathered experience in the problems discussed 
here while with the Corbin Screw Div. of the American 
Hardware Corp. 


Once the other major cost factors of the cold head- 
ing process are established, attention will be focussed 
on the die—its initial cost, its upkeep, and its failures 
with resulting losses in production. This does not 
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mean to say that the other tools never cause trouble— 
far from it! Punches, quills, and knockout pins all 
have their bad moments; but the dies, with their 
more exacting heat treating procedures, closer toler- 
ances, and more severe operating conditions, require 
far more effort and patience for satisfactory results. 

The header die problem has its managerial aspects, 
but this article will remain mostly technical, skep- 
tically assuming the Utopian State wherein manage- 
ment’s anxiety for economy and a smooth production 
schedule is supplemented by a full recognition of the 
problem and the will to attack it objectively and 
methodically. 

In specifying die dimensions, heat treating pro- 
cedures, and raw material, the engineer must have 
access to certain information which does not appear 
in the handbooks, and he must apply it shrewdly. For 
example, when wire is cold headed, the blank “springs 
back” or swells slightly after it is ejected from the die. 
To allow for this tendency in his die design, the en- 
gineer must have not only the design of the blank 
and the physical properties of the specified material, 
but also accumulated performance data. This last 
item gives him a basis from which to estimate the 
amount of spring-back to be expected in a specific 
situation. It might be possible to calculate spring- 
back from existing spring formulae; but the best 
means of obtaining the necessary data still appears 
to be close checking of the dies, blanks and materials 
in regular production. 

In choosing a die steel the engineer will do well 
to use a top grade of straight-0.90 to 1.00% carbon 
steel of medium hardenability until all variables are 
properly controlled. Experimenting with a thousand 
and one grades and types of tool steel without evalua- 
tion controls will lead only to confusion and unwar- 
ranted—sometimes costly—conclusions. Heat treat- 
ment specifications should be worked out empirically 
by the engineer in close cooperation with the metal- 
lurgical and operating departments. Well-defined pro- 
cedures should thus be established and religiously fol- 
lowed. 

There is frequently much to gain by the intelligent 
use of different types of steel or of die design for 
some applications. For example, a fillister head die 
will usually function better with deeper than average 
hardening under the head. This can be obtained to 
only a limited extent by heat treatment; a better 
means is the use of a deeper hardening steel. Where 
extrusion is the principal function of the die and 
shock is at a minimum, carbide inserts and even solid 
carbide dies have made startling production records 
which more than justified their high initial cost. Tool 
steel inserts, though lacking most of the pre-stressed 
condition of the well-hardened solid die, often de- 
crease unit die costs. As yet the increased finishing 
costs of high-speed steel inserts have rarely been justi- 
fied, but much developmental work remains to be 
done in this promising field. 


Making the Die 


There are. several objectives in the actual fabrica- 
ion of the solid header die. The hole must be 
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straight, round, and parallel with the outside surtace 
within close limits; the hole surface must be as 
smooth as is consistent with the balance between die 
cost and die life; the hole size must be as specified 
and must be accurately gaged; and the die must be 
heat treated properly for maximum service. Concen- 
tricity of the hole, while important, is secondary to 
parallelism, as the die and punches will be lined up 
anyway in setting up the header. 

The first step in the die making process is a 
thorough metallurgical .inspection of samples cut 
from the centerless ground bar stock. Die steel can 
best be specified by its Jominy hardenability charac- 
teristics and structure, with strict limits on sound- 
ness and homogeneity. 

After release by the laboratory, the approved bars 
are sliced into blanks with an abrasive cut-off wheel. 
The ends of the blank are usually hardened some- 
what by this operation, but grinding both die faces 
to attain the desired blank length removes these hard 
ends and at the same time squares the blank. 

Next, the die blanks are slabbed deep enough to 
provide a secure seat for the die block set screw, yet 
not so deep as to materially weaken the die. The 
blanks are usually slabbed one at a time on a specially 
adapted milling machine, but there is no apparent 
reason why the operation could not be expedited by 
gang milling with a horizontal traverse table, or even 
by form shaping. 

For the rough machining operation, a turret lathe 
or a handscrew machine of the #2 Browne & Sharpe 
type is preferable. The headstock should be supplied 
with stop collets for the dies, and the drill should be 
motorized. With this equipment the die blank can 
be quickly and accurately set up, and high drilling 
speeds can be used without changing machine speed 
between drilling and reaming. A true hole can be 
drilled and reamed all the way through from one end; 
and, if required, the die may be counterbored with- 
out altering its location in the slightest. The die is 
turned end for end in the collet for removal of the 
drilling burr, and for counterboring those double end 
dies which require it. With the exception of broach- 
ing vertical breather grooves into the larger fillister 
heads, further machining is not usually necessary be- 
fore heat treatment. 

This rough machining operation is highly im- 
portant. On it rests most of the responsibility for the 
degree to which the finished hole will be straight, 
parallel, and concentric with the outside of the die. 
High calibre, well maintained equipment is abso- 
lutely essential here, for an enormous amount of fin- 
ish machining or care in setting up the header is re- 
quired to wangle even mediocre production from a 
die which began life as a juvenile delinquent. 

Inspection before heat treatment may be simple, 
but it must be thorough. A plug check will suffice 
for the hole size, as several thousandths must be left 
for finish machining. The die should also be spun on 
centers with an indicator near each end to check 
concentricity and parallelism. 

Heat treating is, unfortunately, often thought of as 
the source of and panacea for all the ills of the die 
problem. Yet it is actually subject to closer control 
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than that which is necessary for the other phases of 
die manufacture and use. Hardening specifications 
should call for a preheat at about 1200 F for a half 
hour or more before transfer to the hardening fur- 
nace. Hardening temperature and time at tempera- 
ture depend entirely on the size of the die, the steel 
of which it is made, and the effect desired, and defy 
generalization. Preheat and hardening furnaces should 
both have atmospheres controlled slightly on the re- 


This spout quenching 

fixture is for quenching 

header dies through the 

holes. (Courtesy: Cor 
bin Screw Div. 


Finished size of header 

dies is attained by hon- 

ing. (Courtesy: Corbin 
Screw Diy. 


ducing side. Scale in the hole or on the faces is most 
obnoxious, whereas a thin decarburized skin will be 
removed in finish machining. 


Small Dies Flush Quenched 


Dies less than 24-in. in dia. should be flus! 
quenched on special fixtures which force a stream oO! 
brine up through the hole, and which confine thé 
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These header dies have been split, halved and 


etched to show the hardness pattern and flaws. 


brine to the hole and to a portion of the die face 
around the hole, with splashing minimized. The 
temperature of the brine should be around 90 to 110 
F. Pressure should be sufficient for rapid quenching, 
but not so great as to Cause uneven quenching; prob- 
ably something like 25 psi. “Spreaders” must be used 
at both the orifice and the receiving end of the fix- 
tures to avoid the formation of steam pockets. Dies 
214-in. or more in dia. should also be flush quenched, 
but with water on an under-water fixture, as the 
greater mass of the die cannot be cooled fast enough 
by quenching only through the hole. 

Flush quenching is a must in modern hardening 
practice. With this technique a high hardness can 
be used where it is needed most, in the hole and on 
the central portion of each face; while this hard case 
is reinforced with a thick cushion of tougher steel, 
the hardness grading off rapidly to about 40 Rock- 
well C. In addition, compressive strains are set up in 
opposition to operational stresses, making far more 
strength available than the theoretical strength of the 
steel. 

As soon as the outside of the die has cooled below 
a red heat, the die should be taken from the pneu- 
matically operated fixture and the quench completed 
in oil. Dies should be left in the oil until they cool 
to 150 to 200 F; drained, and placed in the temper- 
ing furnace before they reach room temperature. As 
in hardening, so in tempering the temperatures vary 
with the steel and the desired hardness; but time at 
temperature must never be skimpy—an hour in a 
circulating air furnace is an absolute minimum for 
even a light load of small dies. 

The dies are cleaned by sandblasting, though the 
faces will very likely also need a touch of emery be- 
tore Rockwelling. The hardness must strike a balance 
between toughness and abrasion resistance; and the 
hardened case must be deep enough to prevent spall- 
ing, yet not so deep as to encourage splitting. Hard- 
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ness should be in the range of 53 to 61 Rockwell C, 
and the hardened case should be 1/16-in. or more 
deep, with both qualities depending on the size and 
type of die. 

After an informal hardness test by the heat treater, 
the dies go to tool inspection for an official Rockwell 
and a check for bell-mouth. Soft dies and mild cases 
of bell-mouth can be corrected by the heat treater, 
but mot after the diemaker has run his finish reamer 
through the die. A re-hardened die is not likely to 
perform as well as its properly handled brother, how- 
ever, and the value of such salvage is questionable. 

From tool inspection the approved dies go to the 
die room for finishing. First, the barrel shape pro- 
duced in hardening is corrected by centerless grind- 
ing. A die which retains this barrel condition may 
be hard to get into the die block, encouraging the 
header set-up man to hand grind the die with un- 
predictable consequences. Once in the block, such a 
die will rock no matter how tight the set screw may 
be, varying the alignment and appreciably shortening 
the life of the die. 


Die Faces Ground 


The die faces are also ground, removing scale or 
craze marks along with the bulge from hardening, 
and at the same time adjusting the depth of the 
shoulder, countersink, or counterboard hole, as the 
case may be. Face grinding must not be done too 
harshly. Heavy cuts set up strains which, unless they 
are relieved by a low temperature bake, will cause 
the die to fail early by chipping around the rim of 
the hole. 

For the ensuing reaming operation, there seems to 
be little real choice between horizontal and vertical 
machines. Neatsfoot or lard oil should be used as a 
lubricant, and reamer speed should be very low, about 
35 to 50 rpm. Reamers can be made of any good 
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brand of high carbon drill rod, hardened to the limit 
and tempered in boiling water only, so that the fin- 
ished hardness is at least 66 Rockwell C. Better hole 
finish and longer reamer life have been obtained by 
some manufacturers from reamers made of so-called 
“fast finishing” tool steel drill rod. There has been 
some work done with nitrided high-speed steel and 
with carbide tipped reamers; but since, in reaming, 
red hardness and high machine speed are subordinate 
to edge retention and hole surface finish, neither de- 
velopment has seen much success as yet. 

Die holes which are large enough should be honed 
to size. At least 0.002 in. should be left in the hole 
for this operation. Honing removes the lateral reamer 
tool marks, and the honed surface (ten micro-inches 
or better) gives a valuable increase in gaging ac- 
curacy and die life. Honing equipment will be de- 
veloped for the smaller holes, but meantime a hand 
expansion lap should be used to take the last 0.0005 
in. or more from the hole. 

Tolerance on the diameter of the fillister or coun- 
tersunk flat head is usually sufficient to eliminate the 
need for finish machining. A reaming or honing 
operation, however, while unnecessary for sizing, pays 
dividends in increased die life by lessening drag on 
the head of the blank when ejected, and by decreas- 
ing the accumulation of gunk in that portion of the 
die hole. 

After finish machining, the dies must be most care- 
fully inspected before release to the header depart- 
ment. First, hole size is checked; ideally by means of 
an air gage through most of the hole, and with an 
ordinary plug gage in the first 1/16 in. of each end 
of the hole. Either type gage can be used alone, but 
this combination will give the most reliable results. A 
simple depth plug gage is good enough for the coun- 
terbored hole of a fillister head, but all countersunk 
flat head and shoulder dies should be checked by 
making a lead print and measuring it on a com- 
parator. The surface of the larger die holes can be 
checked by instrument, but at present the smaller 
holes can only be checked by eye. All dies should 
also be rechecked for concentricity and parallelism. 


Using the Die 


Having struggled through the tortuous and exact- 
ing process of fabrication, the dies are now delivered 
to the header room. Here the human element reaches 
its peak. The best die can stand or fall on the header 
set-up, and this factor depends largely on the set-up 
man’s judgement. The cut-off blade must be cor- 
rectly sharpened and set so that the wire slug is not 
bent; the feed fingers must center the wire slug with 
respect to the die hole; the punches must be ac- 
curately aligned with the die; the various steps in 
the cycle must be properly timed; the knockout pin 
must fit just right inthe die hole; the die must be 
firmiy heid by the die block; the wire lubricant, if 
one is used, must be applied with discretion; and all 
adjustments must be closely watched to minimize the 
period during which the header can operate out of 
adjustment. The flash should be kept as thin as pos- 
sible if a shaving operation is to follow heading. 


However, the thinner the flash the greater the shock 
on the die and punch and the shorter their life, so 
it is up to the operator to keep said flash near the 
maximum limit. 

A wire lubricant, another important factor, may be 
needed for coated as well as bright wires. Occasion. 
ally, serious epidemics of die failures on some par- 
ticular job can be materially alleviated by simply 
adding or changing lubricants. It is not possible to 
generalize on lubricant specifications; the type and 
amount required depend on the blank design, the 
wire analysis, the wire surface condition, and the ma- 
chine speed. 

Naturally, the mechanical condition of the header 
has a considerable influence on die life. The best die 
will not stand up very long in a decrepit machine 
which is tight in the loose joints and loose in the 
tight ones. Loose or out of line die and punch 
blocks are especially to be avoided. 

The physical properties of the wire to be headed 
are just as important to header tool life as are ma- 
chining characteristics of bar stock to screw machine 
tools. Inevitably the finished product is the primary 
consideration; but often either the raw material or 
subsequent heat treating practices can be so changed, 
at little or no added cost, as to greatly increase die 
life. Tensile and yield strengths, elongation, hard- 
ness, structure, chemical analysis, and surface con 
dition all have their effect on die life, and should 
be thoughtfully specified and rigidly inspected by the 
manufacturer. 


Attacking the Problem 


The keynote of the whole attack on the solid 
header die problem must be coordinated control of 
all variables, from raw die steel and wire to the 
headed blank. Constant and competent inspection 1s 
vital to the retention of high standards throughout 
the process. But inspection alone is not enough. To 
attain full effectiveness, the inspectors’ findings must 
flow to a central point for tabulation and interpreta- 
tion. At this point also, the production performance 
of the dies must be correlated with their fabrication 
history. 

A quality control system performs two major func- 
tions. First, it keeps little troubles little. As danger 
signs appear in the inspection records of any phase 
of the process, that phase can be singled out and 
brought up to standard before serious trouble de- 
velops. Second, when a batch of dies appears to be 
performing poorly, the control system provides the 
trouble-shooter with a complete history of the dies. 
This information aids definite determination of the 
cause of failure, and tremendously expedites removal 
of same. 

Striking improvement in solid header dies cannot 
be expected until all phases of the cold heading 
process are brought up to peak efficiency. Even then, 
results cannot be accurately evaluated without quality 
control. A systematic attack upon the problem, how 
ever, coupled with sufficient follow-through, can in 
most cases effect economies which greatly outweigh 
any additional engineering or inspection expense. 
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FED STEEL ¢ 


Scrap is needed to produce new steel. 










Millions of tons of steel products that 


! lere § have served their usefulness are idle 


—obsolete machines, structural shapes, 


the way pipe, old boilers and dozens of other 


awkward pieces. 
to et Flame-cutting is a fast and economi- 
g cal way to reduce steel to pieces of the 
. right size for charging into furnaces 
tt for the production of new steel. Line 
up a scrapping program now—we will 
be glad to help. Just call the nearest 


Linde office. J 
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Many difficult problems of design 
and fabrication have been solved by 


HAYNES 


PRECISION CASTINGS 


Quality Alloys having an unusual combination 
of properties can be readily precision-cast. 
Parts cast from Haynes Sre.uirte alloy, 
Hastre.ttoy alloy, and various stainless 
steels are now available. 








Small cr Mass-Production Quantities of shapes 
difficult to obtain by other methods of 
manufacture at reasonable prices can be 
produced by precision casting. 


. Improved Designs result because parts can be 
engineered for performance rather than 
convenience of fabrication. 


Interchangeability of Parts is assured, because 
Haynes precision castings are uniform in 
quality, size, contour, and finish. 


Intricate Shapes, contours, and thin edges are 
consistently reproduced. Internal and ex- 
ternal threads, shoulders, and cored holes 
can be produced. 


. Improved Metallurgical Properties and sound, 
dense castings mean long life of stressed 
parts operating at high temperatures. 


Smoother, Cleaner Surfaces than those generally 
obtained by conventional casting methods 
are possible. 


For more complete information, write for 


, ma Pe ped Here Are Some Samples of Haynes Precision 
the booklet, ‘‘Haynes Precision Castings. . Some Samples 


Castings in Use Today. 


Haynes Stellite Company 
Unit of Union Carbide and Carbon Corporation 
iss 
General Offices and Works, Kokomo, Indiana 
Chicago— Cleveland—Detroit—Houston—Los 


TRADE-MARK 
Angeles —New York—San Francisco-—Tylsa oy 
The registered trade-marks “Haynes,” “Haynes Stellite,” and 


Hastelloy” distinguish products af Hoynes Stellite Company. 
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Plastic Laminates — as Engineering Materials 


by Kenneth Rose, 


Engineering Editor, MATERIALS & METHODS 


Plastic laminates offer one more weapon for the 
materials engineer in his ever-continuing battle to over- 
come rising labor costs. Their characteristics, including 
light weight, high dielectric strength, low water 
absorption and resistance to attack by most acids, mild 
alkalies and chemical solvents, make them serious contend- 
ers against metals for many structural applications. Most 
of the laminates can be supplied in the common metal 
forms such as sheets, rods and tubes as well as in the 
shape of preforms. This manual is devoted to a discussion 
of the three types of plastic laminates — high pressure, 
low pressure and composites — and te the machining 
characteristics of these materials. 
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When those materials grouped under 
the term “plastics” are referred to as 
glamour materials, the thought usually 


conveyed is of beautifully molded objects 
in pastel colors, or of transparent, glasslike 


toilet ware, or of thin films or coatings 
magically water-resistant. These types are 
all of importance to the materials engineer, 
no less than to the sales manager, for the 
engineer must recognize and evaluate the 
possibilities of plastic bottle caps as against 
those of metal, just as he must determine 
the load-bearing capacity of aircraft flooring 
of a plastic-cored sandwich as against ply- 
wood. However, the engineer concerned 
with processing materials in his own plant 
will be more directly interested in a group 
of plastics scarcely in the glamour class— 


An important consideration to the engi- 
neer thinking of plastics as structural ma- 
terials is the fact that the reinforced plastics 
are supplied for stock in the same forms as 
the metals and most other materials of con- 
struction that he buys, é.e., in sheets, tubes 
and rods. Fabricating possibilities frequent- 
ly parallel those available for metals. 

Plastics in this group are classed among 
the general utility resins, and the addition 
of the laminating material gives them 
greatly improved shock and impact resis- 
tance as specific properties. Even when 
formed at high pressure, and with a com- 
paratively heavy laminating material, they 
are substantially lighter than the lightest 
structural metals. This lightness is often 
a deciding advantage in connection with 
such fields as aircraft parts fabrication. 

High electrical resistivity is a property 
that accounts for a considerable part of the 
total quantity of heat-setting plastics used. 
Production of electrical insulators and 
other electrical goods was one of the first 
applications of the phenol-formaldehyde 
resins produced more than 30 years ago. 
Maintenance of resistivity im service is 
closely associated with high resistance to 
absorption of moisture, and this is another 
valuable property of the group. Resistance 
to attack by most acids, and by mild 
alkalies, as well as by most chemical sol- 
vents, is an important advantage over most 
of the metals. These properties will be 
discussed in detail in connection with the 
types of structural plastics. 

Among the factors that limit the use 
of plastics are cost, restricted formability, 
lack of hardness and hardenability, gener- 
ally low strength, and low resistance to 
deterioration by heat. In competition with 
metals, the strength properties of even the 
structural plastics are rather low. Working 
temperatures are below 300 F for even the 
more heat-resistant types; they are heat- 
resistant only by comparison with other 
plastics. 

As with all the other factors, generaliza- 
tions about cost of plastics must be made 
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Introduction 


the high-strength, lightweight, water-resis- 
tant, heat-resistant plastics, reinforced with 
a fibrous material, and usually referred to 
as the laminates. 


The laminates are essentially structural 
and engineering materials. They possess 
strength properties that approach, and in 
some cases exceed, those of the metals. 
Their thermal stability is sufficient to per- 
mit their use under ordinary conditions, 
whereas some of the more glamourous 
plastics will show excessive creep when ex- 
posed to a hot sun. They can be fabricated 
by a number of methods, and are capable 
of improvement of physical properties by 
proper formulation of the material and by 
certain methods of design. High electrical 


General Selection Factors 


cautiously. Steel may sell at,3 to 7 cents 
per lb., aluminum at 15 to 30 cents, mag- 
nesium at 20 to 35 cents, and plastics at 
14 cents to $6.00 per lb. Costs per cubic 
in. will approach one another more Closely. 
Costs per unit of strength, or of some other 
measure of performance, could be calcu- 
lated only for a specific item, and would 
not be broadly adaptable. It could be safely 
predicted, however, that the gap between 
steel and plastics would be widened. 

An additional cost item is the cost of 
fabricating. Here again steel has a decided 
advantage for many parts, since high speed 
press operations are among the most 
economical forming procedures. With the 
laminated plastics forming operations re- 
quire slow-moving machinery, and holding 
at heat and pressure during the curing time. 
An exception must be noted in the case of 
contact laminating, but this is a specialized 
low-pressure method not adaptable to a 
wide variety of parts. 

As an indication of the relative values of 
strength per unit area, cost per unit volume, 
and cost per unit strength of some of the 
familiar structural plastics as compared 
with competing metals, graphs are shown 
with these figures for comparison. Strength 
per unit area is simply the tensile strength 
of the material in pounds per sq. in. Cost 
per unit volume is the price per cubic in. 
of material, and permits an evaluation of 
the relative “bulk’’ of material bought. 
This is of importance, because materials 
are usually used on a bulk basis, although 
bought by weight. The final chart, showing 
cost per unit strength, is an attempt to 
reduce the comparisons to a “cost per 
performance” basis. It is upon this basis 
that materials are evaluated in design, al- 
though the evaluation is seldom done 
analytically. 

Structural plastics are, in general, about 
one-half as heavy as aluminum. With ten- 
sile strengths of about 6,000 to 12,000 psi. 
for the general purpose phenolics, they 
have something less than half the strength 
of most aluminum alloys. By using thick- 





resistance is another of their proper 
interest to the engineer. ' 
While the plastics manufacture; 

thinks of the group as the plastics lami, 
the term “reinforced plastics” js ,,:- 
favor. “Laminates” refers to multils, 
materials other than plastics, and the 
tics manufacturer inclu some of th 
not primarily plastic, such as resin-bon) 
plywood, within his group.  Rein(o 
plastics can also those molded t« 
containing chopped fibrous filler, by, , 
term is here used to mean laminated ») 
tics, including sandwich materials, in yy 
the resin is a considerable part of the » 
finished material. For the materials « 
neer, resin-bonded plywood is primary 
wood material. 





nesses slightly greater than would be cho 
with aluminum, however, sheets or pang 
can be made in plastics with a saving, 
weight, and with a gain in rigidity due} 
the thicker section. 

Another advantage is exemplified in 4 
manufacture of plastic hulls for sm 
boats. Here the competing material is us 
ally wood or plywood. In forming the hi 
of wood, the individual planks mus 
cut carefully, fitted by hand, and fasteng 
by hand labor also. With plywood constr 
tion the material costs are higher than wil 
lumber, but labor costs are sharply reduc 
since the material is handled in lag 
sheets of laminated wood, or as thin she 
of wood laminated to finished form in t 
building process. When using plastic 
terial, costs rise sharply again—probablj 
twice that of the plywood—but a boat hul 
can be produced within about half an hou 
Labor costs are again reduced. With 
rapidly increasing cost of labor this becom 
an increasingly important item, and mi 
be a decisive factor. Plastic hulls are bes 
offered at prices quite close to those quot 
for plywood construction of the same si 

The weight factor does not enter im 
the above example with the same force 
in those cases in which a plastic compt 
with a metal. The reasons for this are, il" 
that plywood is not sold by weight, so ™ 
a cost-per-pound comparison would } 
roundabout, and, seéond, that the weigit 
of plywood and plastic are too simila! 
offer a substantial advantage. 

Structural plastics, as distinguished ‘10 
plastics primarily used for gadgets, «ccm 
tive purposes, and the like, are usvé 
load-carrying members of a structurt ° 
machine. They may become small wm 
gears, aircraft flooring, motor coach si 
wall, prefabricated house partitions, aif 
wing control surfaces, underwater beatilé 
and many similar applications. The '™? 
in size from a timing gear to a 22-It. bos 
each molded in one operation, is in 
an indication of the versatility o! structul 
plastics. Aircraft parts are designe? ® 
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lightweight materials. 


yes of Laminates 


With such wide range of applications, 
sin of the structural plastics are more 
tuble for some of these purposes than 
others. The plastics under consideration 
y be divided into groups according to 
i; method of preparation, and these 
pups will correspond to general properties 
at in turn determine their use. A preli- 
‘nary selection may be made in this way 
deciding upon the general type of struc- 
ral plastic required to provide a given set 


properties. 


These types are; ; 
High Pressure Laminates—These plastics 


bke use of paper, cotton, asbestos, or glass 
ber as the laminating material, and are 
med at high pressures—generally 1000 
i or higher. They are denser than plastics 
‘med at lower pressures, are most resis- 
nt to moisture, and so have better electri- 

properties. Because of the molding 
ocedures used, they are limited to simple 
ms. Special grades can be postformed, 
| so make possible a wider choice of 
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Vith d [he high pressure laminates are those 
becom@m™mesin-filler combinations in which the filler 
nd mis impregnated with a solution of the plastic, 
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e quotiammther forms, and cured under heat and 
me simm™ercssure of about 1000 psi. Within this 
ter if/ ple formula considerable variation is 
force Mmmpossible, so that the high pressure laminates 
competmpuer the greatest latitude in control of phy- 
are, inimeCal properties of any of the plastics. The 


ype of filler can be varied; its composition 
Nd quality changed to give the properties 
sired. The resin may afford variation by 
lection of basic materials of different types, 
PY Varying the catalysts used, or by the use 
M various modifying agents. After selection 
pt all constituents the properties of the fin- 
shed laminate can be varied by changing 
he proportions of resin and filler, or by 
anges in the degree of cure, hardness, 
penetration of resin, or finish. Temperature 
Md pressure for curing are subject to manip- 
‘tion, especially the pressure, which may 
f 00 to 1500 psi. or higher. 
t, which contributes a large part 
he tensile strength and- impact resistance 
these laminates, may consist of cotton 
as fabric, either in sheets or 
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Laminated plastic 
materials, in the 
form of shells, are 
being used for sink 
and cabinet tops. 
Those shown here 
were designed and 
made of Formica by 
Calplasti Corp., Los 


Angeles. (Courtesy: ee 
Formica Insulation fi 
Co.) 


from the lower pressures used. Although 
pressures are influenced by size of the piece 
and by other factors, they are generally 
about 100 psi. 

_ Low pressure laminating would be the 
first choice of types when a molded product 
is desired. When the higher mechanical 
strength, chemical resistance, or electrical 
resistivity of the high pressure laminates are 
required, parts may sometimes be post- 
formed by low pressure, and high-pressure 
molded to final form. 

Sandwich Laminates—As comparatively 
hew materials, these are among the most 
promising of the structural plastics. They 
consist of facing materials and a lightweight 
core. Various combinations are possible, 
so that the composite may be made to meet 
a wide range of design conditions. One or 
both surfaces may be of metal, usually 


High Pressure Laminates 


chopped, or as batts of paralleled fiber, 
paper, either rag or wood stock; glass fila- 
ments, as fabric or in batts; asbestos fibers, 
as fabric or as paper; or wood veneers. The 


aluminum, or of plastic, plywood, etc. Core 
materials of various densities are available. 

Lightness of weight is one of the most 
general characteristics of the sandwich or 
composite laminates. As the core materials 
are usually porous so that their densities 
may be low, they are frequently good in- 
sulators also. Finally, because the cross- 
section of the composite is such that the 
surfaces develop their full compression 
strength while the lightweight core main- 
tains rigidity, the composites have quite 
high strength-weight ratios. This makes 
them especially desirable as materials of 
construction in aircraft. Their high cost is 
the chief deterrent to their use. 

The composites, because of their nature, 
are difficult to fabricate to any but simple 
forms. So far they have found their widest 
use as flat sheets, cut to shape. 


types of fillers, with the variables in their 
properties or method of use that affect the 
physical properties of the laminate, are 
shown in the following table: 


Physical Properties of Laminates 











Filler Material Type Used 
Cotton Fibers Woven fabric 
Unwoven 


Form Used Variables 


Sheets or rolls | Strength, count, add 
Chopped | weave of cloth 
Batts, fibers paralleled 





Wood fiber —kraft, 
mischerlich, alpha 
Rag 


Paper 


Glass Filaments | Woven fabric 
Unwoven 








Woven fabric 
Paper 


Asbestos Fibers 


Wood Veneers 





Sheets or rolls Type, strength, 
Chopped weight, and _thick- 
ness of paper 
Sheets or rolls | Strength of filament, 
Fibers or batts weave of cloth or 
orientation of fila- 
| ment 
Sheets or rolls | Strength, purity of 
| 


fiber 


| Type of wood, thick- 
| mess of veneer, or- 
ientation of plies 


Thin sheets 


| 
| 
| 
| 
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COMPARISON OF TENSILE 
__ STRENGTHS, IN THOUSANDS, PSI. 
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PHENOLIC RESIN 


GLASS FIBER LAMINATE, POLYESTER RESIN 
ASBESTOS LAM|NATE 


ALUMINUM ALLOY 





COTTON FABRIC LAMINATE, 


LOW CARBON STEEL 
ALLOY STEEL 











Of the resins used, phenol-formaldehyde 
is the most common. Melamine-formalde- 
hyde, urea-formaldehyde, and analine-for- 
maldehyde are also serviceable, while some 
of the polyesters and new colorless phenols 
are entering the field. The resin is used as 
a solution or dispersion in solvents, or in 
water. The viscosity of the resin-liquid 
varnish determines the ease of penetration 
of the filler; water dispersions give a more 
ready penetration than the organic solvents. 

The method of impregnating the filler 
with the resin may involve immersion of 
the filler in a varnish bath, or liquid bearing 
the resin can be applied by rollers, sprays, 
etc. When the immersion method is used, 
the web of filler is fed through a tank con- 
taining the resin in its liquid medium, and 
drawn out through squeeze rolls or over a 
doctor blade to remove excess liquid. If 
the resin is to be applied to the filler with- 
out immersion, a roller may pick up the 
resin from the bath and transfer it to the 
web of filler moving in contact with the roll, 
or transfer roll can be used to apply the 
solution. Sprays positioned so as to reach 
the entire surface of the web of filler can 
be used to impregnate the fabric or mat 
with the resin-bearing solution—a method 
frequently used when the laminating mate- 
rial is used as a mat, and drawing over a 
roller or a doctor blade is not advisable. 

When glass fabric is to be used as the 
filler, it is customary to remove the lubricant 
applied during the weaving of this fila- 
ment. Passing the fabric through an oven, 
usually gas-fired, held at about 700 F, will 
burn off the coating. 

The resin content used can vary consid- 
erably, depending upon the applications 
for which the finished laminate is intended, 
and upon the type of filler used. With fabric 
laminates the resin content will be about 
50 to 60%. With one type of glass fiber, 
the “swirled” filament web, resin content 
may be as low as 5%. Impregnation of 
most types of webs will take place in 
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GLASS FIBER POLYESTER LAMINATE 


COST PER CUBIC INCH 
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several stages, and several methods of ap- 
plication of the resin may be used succes- 
sively. 

A drying operation follows the impreg- 
nating process. In this step the solvent is 
removed, and the resin is also partially 
polymerized. The drying ovens, horizontal 
or vertical, are heated by steam coils to 
permit careful limitation of the heating. 
The web leaves the oven in a state that 
permits it to be rolled without showing a 
tendency to stick together. 

The resin is said to be in the A stage 
before drying. In this stage it is soluble, 
fusible, and the impregnated filler is readily 
formable. After drying, the resin has been 
somewhat modified by the heat applied, and 
is said to be in the B stage. It is still fusible 
enough to permit laminating into a sheet 
or other form, but polymerization has 
started. When finally laid up into a suc- 
cession of plies for sheets, tubes, rods, or 
other forms, and treated at high pressure 
and elevated temperature, the resin passes 
into the final—or C stage, in which it is 
infusible, insoluble, and practically un- 
formable except by machining or similar 
process. This is the fully cured condition. 

In the B stage the laminate presents wide 
possibilities for forming. The method of 
laying up the plies, whether placing the 
sheets one on top of another in the same 
position or whether placing alternating plies 
at 45-deg. to the principal direction of the 
weave, largely determines directional 
strength properties of the finished laminate. 
The 45-deg. lay-up affords practically equi- 
directional tensile strength. Postforming 
makes possible the production of shapes 
more complicated than the simple standard 
forms. When the forms to be produced 
are too complicated to be prepared by post- 
forming, the impregnated filler may be 
macerated and molded much like molding 
powder. 

The final stage in the preparation of the 
standard forms consists of completing the 
polymerization by applying heat and pres- 
sure while forming the piece. When mak- 
ing sheets the impregnated ‘material is cut 
into pieces of the proper length, piled layer 
on layer until it reaches a height that will 
give the required thickness in the finished 
laminate. The stack is compressed in a 
hydraulic press at about 1000 to 1500 psi., 
while the plates are heated to about 300 F. 
Highly polished plates will produce a 
smooth, glassy surface. Plates can be sand- 
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GLASS FIBER POLYESTER LAMINATE 
COTTON FABRIC LAMINATE 
ASBESTOS LAMINATE 

LOW CARBON STEEL 


ALUMINUM ALLOY 
ALLOY STEEL 








blasted or otherwise treated to give vatiei 
surface textures. A decorative pattern 
be applied, or wood effects can be createl 
The finished sheet may be rubbed to 
satin finish if desired. 

When tubes are to be produced, th 
laminating material is wound over a ma 
drel the size of the inside diameter of t¥ 
tube, and either baked in an oven to product 
a rolled tube, or formed in a mold unde 
heat and pressure if a molded tube is desire 
Rods are made similarly, but the mand 
used is small, and is removed before th 
laminate is placed in the mold. 

Various special shapes are produced if 
cutting the filler to a desired pattern a0 
curing between platens or in a mold. — 

Additional flexibility in design is sive 
the plastics laminates by the process 
postforming. Postforming grades afe 
completely polymerized, and so can be sv) 
jected to a limited atmount of forming, # 
either high or low pressures, to bring them 
to final shape and complete cure. Postform 
ing is limited to objects of uniform sectiot, 
having only simple curves, for the mos 
part. Formability is dependent upon tH 
laminating material, however, and in gene 
the limitations for the types of filler ar * 
follows: 


Cotton-base grades—can be postformed 
to compound curves. E. 

Paper-base grades—can be given simp 
curves in postforming; sometimes © 
ferred to as postcurving. 

Glass fibre-base grades—cannot be pos 
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PLASTIC LAMINATE 











strong as Grade X. Moisture resistance and 
RELATIVE SIZES OF ONE-POUND BLOCKS electrical properties intermediate between 
OF VARIOUS MATERIALS Grades X and XX. Plasticized varnish and 
rag or wood alpha paper. 

Grade XX—Suitable for usual electrical 
applications. Good machinability. An elec- 
trical and mechanical general purpose lam- 
inate. 

Grade XXP—Similar to Grade XX in 
electrical and moisture-resisting properties, 
but more suitable for hot punching. Inter- 
mediate between Grades P and XX in 
punching and cold flow characteristics. 

Grade XXX—Better electrically than 
Grade XX, and suitable for high humidity 
applications. Has minimum cold flow char- 
acteristics. Higher resin content than Grade 
XX, and better moisture resistance, but 
slightly inferior mechanical properties. 

Grade XXXP—Greatest electrical stabil- 

ity and lowest dielectric losses. Has greater 
coldflow than Grade XXX, is more suit- 
able for hot punching, but less suitable 
than XXP grade. 


Type 2—Cellulose fabric-base 
laminates 


Grade C—The cotton fabric used as 
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F filler weighs more than 4 oz. per sq. yd., 
F and has a thread count of not more than 
>» formed nor postcurved, but simple in Specification D709-44T. It should be 72 + My by Paso filler ere a i a 
J forms can be obtained by original noticed that neither classification includes ee ae ~~ Soe — 
dq 














molding in some cases. the glass fiber laminates; these are too new tions. A mechanical grade intended for 

to be standardized and properly typed. use where shock loads may be encountered. 
The N.EM.A. types and their recom- Heavier weights of the coarse fabric base 
ates has been accomplished by the Na- sniiiiitee at on es give higher impact resistance, but the 
onal Electrical Manufacturers Association, & machined edges become rougher and tend 
ich classifies the materials on the basis Type I—Cellulose paper-base to become fuzzy. Suitable for low voltages 


Standardization of the thermosetting lam- 
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the sheet filler employed, and the elec- laminates only in electrical service. 
ical, mechanical, and heat-resisting charac- Grade CE—A coarse fabric laminate sim- 
istics Of the finished laminate. Three Grade X—Primarily intended for me- ilar to the C grade, but with higher resin 
° varies are recognized: Type I, of cellulose chanical applications, with electrical require- content to increase moisture resistance. Im- 
ern G per-base laminated material, including ments of secondary importance. Not equal pact resistance is lower. For electrical 
create grades; Type II, of cellulose fabric-base to fabric-base grades in impact strength. applications requiring greater toughness 
d to inated material, with four grades listed, Should be used with discretion when high than Grade XX, or for mechnical applica- 
bd Type III, of asbestos-base, laminated humidity may be encountered. Kraft paper tions demanding higher moisture resistance 
ed, thammeaterial, including two grades. laminating stock. than Grade C. 
a mat This classification has been adopted as Grade P—lIntended primarily for punch- Grade L—A fine weave cotton fabric, 
- of thammee basis for specifications by the A.S.T.M. ing stock. More flexible and not quite as weighing less than 4 oz. per sq. yd., is the 
produc 
1 undef 
desired 
mandrel 
ore the Laminated Sheets, Thicknesses From 1/16-in. to 1-in., Inclusive 
iced b ne : : 7 
; gr : ; | Min. Compres- Min. Impact Str. | PowerFactor, | Dielectric Const. | Loss Factor at 
7 7 Type Grade | si ag a sive Str., (Izod), Ft.-Lb. 1,000,000 | at 1,000,000 1,000,000 
4 el alah = | Blatwise, Psi. Per In. Width Cyc., Max. Cyc., Max. Cyc., Max. 
cess Of Flatwise Edgewise 
. al y ee 9000 16,000 none 1.3 0.50 none none none 
‘ing, a eee 6000 11,000 none a 0.50 none none none 
g them XX | 8000 12,000 none 1.0 0.40 0.045 5.5 0.25 
coma |  XXP | 6000 12,000 none — 0.40 0.045 5.5 0.25 
section xxx 6000 12,000 none 0.80 0.35 0.035 5.2 0.18 
e most XXXP 5000 12,000 none _- 0.30 0.030 5.2 0.16 
* Cc | 7500 | 16000 | 35,000 3.2 2.0 none none none 
a CE | -6500 | 13,000 34,000 2.3 1.3 0.065 6.0 0.40 
_ I] aes 7000 15,000 30,000 2.5 1.2 none none none 
— LE 6500 15,000 33,000 1.8 1.0 0.055 » 0.30 
- HH A 5000 10,000 30,000 1.8 0.8 none none none 
simple AA | 6000 15,000 35,000 3.0 2.5 none none none 
nes fe 





linimum requirements for mechanical properties for sheets im thicknesses from 1-in. to 2-in., inclusive, are 10% lower than those given 
ove, 


latwise impact tests are not applicable to sheets under 1/-in. thickness, and are not given for Grades P, XXP, and XXXP, as these grades 
€ not available im thicknesses exceeding 14-in. 
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Dielectric Strength Requirements, Laminated Sheets, Min., V. Per Mil 





1/64 to 
1/32 


Thickness, 
| in. 


1/32 to 
1/16 


1/16 to 
1/8 


1/8 to 
1/4 


1/4 to 
1/2 


1/2 to 


3/4 to 
3/4 1 





Short time 
test 


Type |, | 
All Grades 





700 500 


' 


360 250 145 








| Step-by-Step | 


test 450 300 





220 150 








| Short time | 


Type, | eee | (560 | 


Grades CE | 








290 





andLE | Step-by-Step | 


test | 350 240 





The dielectric strength is measured perpendicular ¢o the laminations. 





170 





‘Thick- | | | 
ness, In., | | XXP 


~~ 
~< 
cad 


Maximum Permissible Water Absorption, Laminated Sheets 


| 
XXX = XXXP) OC 





CE | Le 





| 
1/32 
1/16 
3/32 
1/8 | 
3/16 
1/4 
1/2 
3/4 
l and 
over 


l 
l 
1. 
0. 


5 
0.70 
0.60 
0.45 
0.40 
0.35 


mNNWwYn 
IK OAS OS 


I | | 





1. 
- 
1. 
0. 
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0.70 
0.60 


OR eee NO 


o° 
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Laminated Tubes 


Permissible Variations in the 


1 
Diameters of Tubes e 





| Variations, Piy, 
or Minus 


te 


Nominal Inside and | Outside 


Outside Diam. 

lg to 23/32, 
inclusive 

3% to 1-15/16, 
inclusive 0.004 0.005 

2 to 4, inclusive | 0,008 0.008 


4g to 12%, | r 
inclusive 
(rolled only) 


Diam, 





| 0.005 





0.010 | 0,925 





When the laminate is to be used jp 1 
form, A.S.T.M. specifications for the vari, 
grades are especially concerned with m 
chanical properties. , 





Inside 
and 
Outside 
Dia. 


Density, 
G. Per 
Cc. 


Type | Grade 


Tensile Compres- 
Str., 
Min. 
Psi. 


’ } 


Water | 
Absorp- | 
tion, 
Max., 
Per 


Dielec- 
tric Str., 
Min., V. 
Per Mil, 
Short 
Time 


sive Str., 
Axial, 
Min., Psi. 


Step- | 
by- 
Step | 


As 


Cent Rec'd 


Power Fact., 
_ 1,000,000 
Cyc., Max. 


| 24-hr. 


Dielectric 
Constant 
1,000,000 
Cyc., Max. 
As 24-hr. 
Rec'd | Im. 


Loss Fact,, | 
1,000,000 | 
Cyc., Max. 


24-hr. | 


Im. 


ie 


Rec'd Ov 











X rolled 
XX rolled 
X molded 

XX molded 


C rolled 
LE rolled 
LE rolled 
CE molded 
L molded 
L molded 
LE molded 
LE molded 


1x1%& 
lx1%& 
lx1l 
lx1%& 
1x1% 
lx1& 
1x1\% 
1x1% 
lx1% 
1x1\% 
lx1l\& 
1x1%4 


10 
10 
25 
25 
10 
10 
10 
25 
25 


ee 





7500 
7000 
9000 
7500 


5500 
5000 
5000 
6500 
6500 
6500 
6000 
6000 


0 0.040 
5 0.040 
0 0.045 
0 0.040 


10,000 
12,000 
15,000 
15,000 
11,000 
11,000 
11,000 
19,000 
18,000 
18,000 
19,000 
19,000 


500 
400 
400 


300 3 
250 2. 
250 4. 
200 2. 


none 5.0 
100 
100 
100 

none 

none 
90 
110 


— 
A) 


none 

none 
150 
175 


— OIA 


m he Wer dO ot 
oow 


0.055 


0.070 
0.055 
0.070 


6.0 
6.0 
7.5 
6.5 


5.0 
5.0 
6.0 
5.5 


0.020 
0.020 
0.026 
0.22 


| Dy 


_—_n FF - 





. ‘ . . : . * ; P oe . 7S ay 
Dielectric strength is measured perpendicular to the laminations. Other electrical properties are specified for the “as received” lamindtq re 


and for the material after 24-hr. immersion in water at room temperature (25 C). 


The dielectric strength indicated for X-grade rolled tube is obtainable only under dry conditions. The value is considerably lower wit 


exposed to high humidity. 


filler. The minimum thread count is 72 
in the filler direction, and 140 total min- 
imum in both directions. This is the grade 
used for mechanical applications in which 
fine machining is required. Especially use- 
ful in thicknesses of “4-in. or less. Not 
quite as tough as C grade. In the electrical 
field, suitable for low voltage applications 
only. 

Grade LE—With fine weave filler sim- 
ilar to that in Grade L, but made with 


higher resin content to increase moisture 
resistance. For electrical applications re- 
quiring greater toughness than the XX 
grade, or for mechanical applications re- 
quiring higher moisture resistance; also 
offers beter machining properties and finer 
appearance than Grade CE. 


Type I11—Asbestos-base 
laminates 
Grade A—dAsbestos paper is the lam- 





. 
inating material. Because of high inorga0ae. 
content, this grade is more resistant to flame 
and slightly more resistant to heat than 
the other laminates. Offers maximum “ 
mensional stability when exposed to m0» 
ture, but electrical properties are variable 
Suitable for only low voltage applicatio™ 

Grade AA—Asbestos fabric !amunit 
Properties similar to those of Grade A, ™ 
stronger and tougher. Flame resistane 
and dimensional stability when expos 
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Molded Rods 













































































| | _ Compres- 
| Density, | Tensile Flexural sive Str., 
Min.,G. | Str., —- | St, Min., Axial 
Grade Diem. In. | PerCe. | Psi.” | Min, Psi. 
" ¥X \ to 1, incl. 1.30 | 8500 | 15,000 | 20,000 
Over 1 to 2, incl. 1.30 | 6500 . 12,000 20,000 
XXX  Metol, incl. 1.25 _ 8000 13,000 | 20,000 
Over 1 to 2, incl. 1.25 6000 11,000 | 20,000 
Cc | YoY, incl. 128 | 7500 | 17,000 | 20,000 
Over 4 to 1, incl. 1.28 8000 17,000 20,000 
Over 1 to 2, incl. 1.28 6500 14,000 | 20,000 
CE 14 to Y, incl. 1.26 6500 | 12,000 | 21,000 
Over 4 to 1, incl. 1.26 7000 | 14,000 | 21,000 
Over 1 to 2, incl. 1.26 6000 12,000 21,000 
r L 3/16 to 1, incl. 1.28 8000 | 16,000 | 20,000 
- Over 1 to 2, incl. 1.26 6500 | 13,000 | 20,000 
LE | 3/16to 1, ind. 1.26 6000 | 12,000 | 21,000 
Over 1 to 2, incl. 1.26 4800 | 9,000 | 21,000 
A V4 to V, incl. 1.55 7000 10,000 15,000 
Over 14 to 1, incl. 1.55 6000 10,000 15,000 
Over 1 to 2, incl. 1.55 5000 9,000 15,000 
AA \4 to 1, incl. 1.45 6000 11,000 19,000 
Over 1 to 2, incl. 1.45 5500 9,000 19,000 
Water Absorption, 24-hr. Immersion, Max., Per Cent 
Grade XX | XXX Cc os: 4] A | AA 
Diam., In. 
ntjiabiaalal | | 
em ae OL io aa 
V, 1.5 1.0 23] BSoaetea sk: a2 20; |: — 
% oh ‘@73'| “20° | 18°35 t2 0.90 | 1.5 | 1.25 
| 1.0 |. 0.75 | 2.0 1M b12 -) O88 1 tae 2125 
Over 1, ond 2. | 13 0.75 | 1.5 to oe ee ee 1.75 | 1.75 
Properties of Glass Fiber Laminates (Average) 
Dielectric 
Compres- Str. 
sive impact (Izod) V./Mil Water 
Tensile | Flexural | Str., Psi. Ft.-Lb. In.Notch Short Step-by- | Absorp- 
Str., Psi.) Str., Psi. | (Flatwise) | Flatwise Crosswise | Time Step | tion, % 
M66 | 10,000 | 14,000 | 42,000 | 1.0 10 | 550 | 350 | 0.30 
FF-10 | 11,000 | 19,000 | 49,000 | 8.5 44 | 365 | 250 1.9 
FF-41 | 17,400 27,400 | 60,300 | 12.2 7.7 290 | 190 | 2.5 
FF-55 | 25,000} 35,000 | 55,000 | 12.0 12.0 500 300 | 1.7 
GLF | 16,000 | 22,000 | 40,000 | 300 ae it ee 
GLF-M | 14,000 | 20,000 | 40,000 | 350 250 | 09 
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Moisture are the controlling characteristics. 
or only low voltage applications in the 


The A.S.T.M. specification for laminated 
“sins covers the material in three forms, 
amely, sheets, rolled or molded tubes, and 


olded rods. Finishes listed are: Dull, 
kmigloss, ground, buffed, polished, and 
anished. In sheet form, Grades XX, 
XX, CE, LE, are available in semigloss 
" polished; X, C, L, A, AA, semigloss 


only; and P, XXP, and XXXP are avail- 
able in semigloss or dull. 
available as tubing or rods in ground, 
buffed, or varnished finish, and as molded 
rectangular forms in semigloss, ground, or 


varnished finish. 
limited to natural, 


though color possibilities are wider, 
tending to most darker shades. 
The A.S.T.M. 


Colors 


All grades are 


are ordinarily 
black, or chocolate, al- 
ex- 


specifications have been 
widely adopted, and most suppliers of ther- 


mosetting laminates of types covered by 
the specifications list their materials by 
A.S.T.M. grade designations. Because of 
the difficulty of fixing definite physical 
properties for a material composite in na- 
ture, tables of physical standards tend to 
become cumbersome. Water absorption in 
particular is = ndent upon the amount 
of ex ace of the material, and 
must Sila in > tans of form and size 
to have any meaning. Mechanical and 
electrical properties of the A.S.T.M. grades 
are given. 

In addition to the standard N.E.M.A. 
grades, many manufacturers produce s 2 a 
cial materials having properties inten 
to meet conditions in a given application. 
Also, new fillers have been developed dur- 
ing the war, but have not yet been estab- 
lished as standard industrial materials. 
Glass fiber laminates have shown high 
strength properties and excellent heat re- 
sistance, but are still too new to have these 
properties established and standardized. 

Among the glass fiber laminates now 
being produced are Grade MF-66, a glass 
mat material for electrical applications re- 
quiring low loss at high frequencies; FF-10, 
combining good dielectric.strength and heat 
resistance; FF-41, with high resistance to 
arcing at low amperage; FF-55, a fine weave 
glass fiber laminate for arcing resistance 
and heat resistance. These are Formica 
Insulator Co. products. Synthane Corp. has 
GLF, a phenolic laminate with high me- 
chanical properties, and GLF-M, a mela- 
mine type having flame, arc, and heat re- 
sistance with good strength. Westinghouse 
259 grade melamine is another fire resis- 
tant glass base laminate. 

High-strength glass-fiber laminates were 
developed during the war for aviators’ body- 
armor, and these were made with polyester 
resins. Tensile strengths of 60,000 p.s.i. 
and higher were reported. 

The melamine resins are especially suit- 
able for fire-resistant laminates, as upon 
heating they liberate nitrogen gas, which 
does not support combustion. 

Special laminates using fillers of the 
standard types already described include 
engraving stock, made by General Electric 
Corp. and Panelyte Div. of St. Regis Paper 
Co., and possessing a surface contrasting 
in color with the core; a black surface is 
used over a white core, or vice versa. It 
is used for nameplates, panels, etc. Lam- 
inmates containing both paper and cloth in 
the filler are used for punching stock, as 
in radios, where toughness is needed. Paper 
laminates with urea resin are sufficiently 
translucent for use in lighting panels and 
signs. 

Several grades of Micarta (Westing- 
house) are especially fabricated for use in 
heavy duty bearings, as in the steel industry. 
These are coarse weave fabric laminates, 
or laminates of extra heavy weave fabric, 
and are intended to run with water lubri- 
cation, although oil or grease can be used. 
They combine high abrasion resistance, high 
compressive strength, and low coefficient of 
friction. Another grade of laminate in- 
tended for bearings is self-lubricated with 
graphite. 

A paper-base laminate produced largely 
for refrigerator construction has as its spe- 
cial property the avoidance of the odor 
characteristic of the phenol-type resins. 
When extreme flexibility is required, a 
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grade especially produced to permit bend- 
ing around short radii is available. A cold 
punching grade is obtainable that can be 
used in 1/16-in. thicknesses for intricate 


If there be a part of the structural plas- 
tics industry that could be called a glamour 
section, it would be in the field of the 
low pressure laminates. Most of spectacular 
developments in laminates that have caught 
the public’s attention have been here. Such 
items as 22-ft boat hulls, molded in one 
piece; droppable fuel tanks for aircraft, 
made from impregnated fiber, and caskets, 
baby carriages, and panelling for prefab- 
ricated houses are products of low pressure 
forming. 

Low pressure laminating is a war baby. 
It had its origin in the need for large 
pieces of plastic laminate, of good strength, 
molded to forms frequently too complicated 
for the established high pressure techniques 
to produce. Using methods—and frequently 
equipment—borrowed from the plywood 
and the rubber industries, varieties of the 
resins well known in high pressure lam- 
inates were formed to the desired shapes. 

The end of the war left the new in- 
dustry in a somewhat difficult position. In- 
dustry generally began as soon as possible 
to reconvert to its peacetime products, and 
to reestablish contacts with its suppliers 
and its outlets. For the low pressure lam- 
inators there was no reconversion. They 
were compelled to start from scratch again, 
to decide what to make, to do all the 
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This suction box 
cover, machined 
from flat Micarta 
plate, shows how 
cleanly laminated 
plastics can be ma- 
chined. (Courtesy: 
Westinghouse Ele 
tric Corp. 


shapes, and for simple shapes can be cold 
punched in thicknesses up to 4% in. High 
moisture-resistance grades, used for small 
pump vanes, water pump gears, and similar 


Low Pressure Laminates 


engineering associated with a new product, 
and to seek outlets for articles that had 
not yet received public recognition. 

These difficulties had their compensa- 
tions, however, for the industry had no 
obsolete machinery to be replaced, no tra- 
ditions to combat, and the public was 
already favorably prejudiced toward plas- 
tics, partly because of the wartime indus- 
trial successes. The industry has found the 
purchasing public quite ready to accept 
molded plastic boat hulls, molded baby 
cafriages, and similar products. Industry 
has accepted the low pressure laminates for 
aircraft parts, panels for architectural use, 
and the like. 

Although it has already achieved the 
status of a substantial industry, low pressure 
laminating is still using techniques adapted 
from other industries, principally the rub- 
ber industry, the plywood industry, and the 
felt hat industry. Equipment also is of the 
type used in those industries, modified 
sufficiently to permit its use with the new 
materials. As the industry continues, and 
as research and development work is done, 
newer and probably more economical meth- 
ods and machinery can be expected. 

Until now, costs have been the biggest 
problem. Several authorities have said that 
the methods now in use will not stand up 





applications, have been founa 
for continuous use in water at te 
to 212 F. Formica Insulator Co, proj.” 
these grades in  fabric-base ee 
strength being slightly lowered to 
maximum water resistance. Panelyte p. 
sion of St. Regis Paper Co. has q {,). 
base type with high water resistance », 
dimensional stability, intended ¢,,- 
for marine bearings. Westinghouse jj 
Corp. produces grades of Micarta , 
in marine bearings also. 

Heat resisting laminates, usually yj 
glass fiber or asbestos filler, are syin\ 
for continuous use at temperatures , 
300 F, and will withstand intermi, 
exposure to heat about 20 F higher | 
woven asbestos fabric filled material , 


Satistacy, 
Mper 


} 


c y 


duced by National Vulcanized Fiber (, ; 


credited with short time heat tesisy 
up to about 400 F. Formica Insulato 
offers a laminate with asbestos webhj 
filler for which high arcing and hex » 
sistance, combined with tensile strength 9 
27,000 psi., are claimed. 

An impregnated compressed wood, maj 
with parallel laminations, attains a teqsij 
strength of about 30,000 psi. Its compres 
sive strength is only 20,000 psi., howeve 

While the laminated plastics have he, 
from their beginning important electig 
construction materials, the growing us q 
high frequency currents has made nm 
demands upon them. High frequency wat 
in such fields as radio and industrial hey 
ing has dictated new electrical requiremen 
for loss factors, etc., at frequencies of 1,00), 
000 cycles. These have been met by graig 
having especially high moisture resistan 
usually at the sacrifice of some strength. 


under severe price competition from othe 
industries. This price competition has 0 
yet been experienced, and the low pressut 
laminators have been able to produce the 
finished articles, quickly molded and wi 
low finishing costs, at prices competitiv 
with those of similar articles made of othe 
materials. 2 

Material cost comparisons are diffcl 
to make, because the laminates are not sl 
as materials in laminated form. The lov 
cost phenolic resins for low pressure lam 
inating will cost about 17 to 30 cents pj 
lb., while the polyester types will be # 
proximately 50 cents. Cotton fabric, sod 
by the yard, may cost about 60 cents 
lb. Paper for laminating may be 20 «cst 
per Ib. Against these figures there 
sheet steel at about 8 cents per |b., she 
aluminum at approximately 25 cents, # 
plywood at about 20 cents per |b. wit 
the price is reduced to a per pound basi 

As has been pointed out earlier, the a 
inators have been meeting competition y 
using their higher priced material in molt 
ing operations that greatly reduce 
amount of labor required. Furtherm0™ 
low pressure laminating can use compe) 
atively inexpensive molds, so reducing © 
ing costs. 


Asked 
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about comparative co: 
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Ustaciy boat hull as against one of plywood, 
Peraty, qe estimated that his material, 
Produg formed, but without including any book- 





































ainay keeping items such as overhead, amortiza- 
© obp; tion of molds, equipment, or plant, or any 
yte Diy iabor charges, would cost about 50 cents 
bi per $9. ft. This against plywood at 20 








. ft. indicates the difference to 
hd bs in labor costs. The fact that 
selling prices for plywood boats and for 
plastic molded boats are comparable seems 
‘9 mean that cost differences can be closed. 

Molds in cast iron have been made with 
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SUMMER jis as thin as Y4-in., with steam pipes 
othe iqside to provide the heat for curing. Alu- 
_ minum molds have won favor for large 








pieces because of their lightness. An alu- 
We ninum mold 17-ft. long is in use at Lincoln 
a Ca Industries, Inc., and larger ones are under 
CE construction. With molds of aluminum or 
ars WEEE Kirksite the steam pipes can be cast in the 
her Mn mold. Walls are about 34 to 1 in. thick. 
=" The mold for the baby carriage is of 
ength Meehanite, with coils cast in place. This 
well-designed plastic item is another ex- 
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, ~J ample of the savings to be obtained with 
Prva: low pressure laminates. It is molded in one 


piece, and floor-to-floor time is about 5 min. 


hower While the low pressure laminates have 


the been defined as those made at pressures 
~~ below 500 psi., the pressures commonly 
» a used ate below 250 psi. As a vacuum is a 
cy wos very convenient way of applying atmos- 
ial hes pheric pressure, certain types of laminating 
inemed are done customarily at 15 psi. Finally, 
F 1,000 there are those laminates produced under 
y pad pressures no greater than are necessary to 
siees bring the materials into contact—the con- 
ength, tact laminates. 

Methods of applying the pressures are 
of four types. These are given in outline 
form as follows: 

(1) Contact Pressure—need be just suf- 
ficient to bring the laminating materials 
into contact, and to exclude air pockets. 
Glass can be used for the plates between 
which the laminate is formed. The tension 
in cylindrical windings can be used to estab- 

m othel lish a bond, or windings can be made about 
has 1 a male mold to form the laminates. 
pressurg (2) Fluid Pressure—one member of the 
ce theif mold is solid and the other is a flexible 
nd wit membrane against which a fluid presses. 
petitin Steam, air, and inert gas have been so used 
of othet when compressible fluids have been re- 
quired. Water and oil have been used as 
difficul noncompressible fluids. Greater ease of fab- 
not sol fication is commonly obtained by combin- 
he low ing some of the fluids, the combination 
re lam providing higher pressures with greater 
nts ped safety. 
be ap (a) Vacuum—air is withdrawn from 
ic, sl the space between the solid mold and the 
nts pel flexible membrane, and atmospheric pres- 
0 cent sure forces the membrane and the lam- 
ere ate inate against the mold. 
., sheet (b) Pressure Hose—fluid pressure in a 
its, and flexible hose can be applied to a given 
. whet spot by confining the pressure above the 
d bast desired area. 
he lam (c) Diaphragm—the solid mold, mem- 
tion by brane, and pressure chamber are built 
1 mold as a unit. As fluid pressure is confined 
ce th only over the membrane, a clamping 
ermofe force greater than the molding pressure 
‘ompat is needed to hold the mold against the 
rg tool membrane and to retain it there. The 


pressure chamber can be boxlike, or it 
May conform to the shape of the mem- 


ror 


brane to reduce the volume of fluid needed. 

(d) Autoclave—mold and membrane 
are placed inside a pressure chamber, and 
pressure is applied to both. 


(1) Bag Molding—the mold is com- 
pletely enclosed in the membrane and the 
membrane is vented to the outside of the 
autoclave. 


(2) Blanket Molding—the membrane is 
clamped to the solid mold. 


(3) Flexible Pressure—one member of 
the mold is solid, the other is a pliable 
mass capable of being forced downward 
into the contours of the solid mold. 

(a) Pliable part of the mold flat, and 
returns to its original shape after pressure 
is released. 

(b) Pliable part of the mold shaped to 
approximate contour of the solid part, 
and forced against the solid mold wall. 

(4) Compression—pressure can be ap- 
plied by various devices. 

(a) Compression Press—mechanical or 
hydraulic; similar to those used in high 
pressure work except that the equipment 
can be lighter. 

(b) Straps 

(c) Clamps 

(d) Nailing Strips 

(e) Screw Press 

When fluid pressure is used, the fluid 
may be the heating agent also. Steam, water, 
air, oil, or imert gas are so used. In other 
cases room temperature suffices, while ovens, 
infra-red lamps, electrical resistance heating 
units, and high frequency or dielectric heat- 
ing are used for higher temperatures. 

The resins used in low pressure lam- 
inating include both thermosetting and 
thermoplastic types. The former group is 
the more interesting from the viewpoint 
of the structural designer, but both will be 
briefly considered for the sake of com- 
pleteness. The low pressure resins can be 
conveniently grouped into the cold set 
resins, setting at room temperature, and 
the hot set resins, setting at elevated tem- 
peratures. 

Of the cold set resins, the thermoplastic 
types set by evaporation of a solvent. These 
include vinyls and cellulose esters. The 
thermosetting resins the phenolics, the urea 
and resorcin compounds, cure at low tem- 
peratures because of the presence of high 
reacting catalysts. 


Thermosetting resins in the hot-set group 
include the usual phenolics, ureas, mela- 
mines, and resorcins, along with the allyls 
and styrenes. Heat is needed for polymer- 
ization. Heat is necessary for the thermo- 
plastic types also, in order to soften them 
to the point at which they will flow during 
molding. They include styrene floss, poly- 
vinyl resins, ethyl cellulose, and cellulose 
acetate. 

Methods for applying the resin are more 
varied than those used in high pressure 
laminating. The resin can be in solution 
and applied as a varnish, or in latex form, 
or in some cases may be molten or applied 
as a dry powder. They can be classified as 
follows: 


(1) Immersion—similar to the method 
used with high pressure laminates. The 
filler passes through the resin varnish, and 
excess is removed by rolls, doctor blades, 
or suction screen. 

(a) At atmospheric pressure—most 
fillers do not need exrta pressure to force 
the resin solution into the filler. 

(b) Vacuum and/or pressure — used 
when the filler is so compact that the 
resin varnish will not penetrate without 
additional force. 

(2) Dusting—dry powdered resin is 
dusted over the surface of the filler mass, 
vibrated to penetrate, then sintered to fix 
it in position. 

(3) Brushing—brushing and scrubbing 
force the varnish into the filler. 

(4) Rolling—the varnish is flooded onto 
the laminating web and squeezed into it by 
rolls. 

(5) Spraying—careful control of the 
resin content is facilitated when it is ap- 
plied by spraying. 

(6) Injection—with the filler confined 
in closed molds, the pure molten resin is 
injected under pressure. 

(7) Films—special resin films placed 
between filler sheets will bond and partly 
penetrate them. 


As with the high pressure laminates, the 
type of filler used is of great importance in 
obtaining adequate strength properties. The 
fibers include both those of natural and of 
synthetic origin; they are used in many 
different forms, such as woven, felted, or 
oriented. 

The natural-fiber fillers, classified accord- 


Applying resin to glass fiber mat preparatory to laminating. (Courtesy: Owens- 
Corning Fibergias Corp.) 
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ing to form, are: (1) Veneers or thin plies 
of natural wood; (2) Pulps, used either 
straight or in various combinations; wood 
pulps include alphas, sulphite, kraft, and 
soda pulps, while rag pulp is also used; 
(3) Paper, produced trom groundwood, 
kraft, Mitscherlich sulphite, alpha, and rag 
pulps, in various combinations; (4) Felted 
bers, of cotton, sisal, manila, jute, or 
asbestos; (5) Woven fibers, of cotton, linen, 
or jute. 

Synthetic fillers form a much shorter list. 
They are glass filaments, used either in 
felted form or woven into fabric; styrene 
floss, used as a felted material; rayons of 
various kinds, woven into fabric, and nylon 
used as a fabric. 

Because pressures are low, the molds can 
be made of materials of low tensile strength. 
The material to be used for making the 
molds depends to a great extent upon the 
production run; if short, only low-cost, 
easily prepared materials can be considered if 
die costs are to be amortized and final costs 
held to reasonable figures. The mold mate- 
rials are here given: (1) wood; (2) plaster 
of paris; (3) Form-rite; (4) cement; (5) 
spray metal; (6) Kirksite; (7) cast alumi- 
num; (8) cast bronze; (9) cast iron; (10) 
sheet steel; (11) tool steel. Cost relation- 


ships may vary rather widely with indi- 
vidual jobs. 

Low pressure laminating should be given 
consideration as a fabricating method when- 
ever the plastic part to be produced lends 
itself to molding. While high pressure 
laminates can be formed to some extent 
in postforming operations, their possibili- 
ties are limited to relatively simple shapes. 
When the part to be formed is of consid- 
erable size, high pressure laminating would 
be ruled out. If the part is of small size, 
simple in form, but of such shape that 
molding is preferred to machining from 
sheet, tube, or rod, either high pressure 
laminating or molding of the macerated 
sheet would be indicated as a likely method. 
If superior moisture resistance or excellent 
electrical properties were required, the 
choice would again be inclined toward the 
high pressure techniques. However, when 
parts are to be molded to a complex shape, 
or are large in size, or when costly tooling 
is undesirable, low pressure laminating may 
provide the solution. 

Reduced molding pressures in flat sheets 
may: (1) result in less warpage in the 
finished sheet, as the filler is subjected to 
less strain, and has less tendency to stress 
relief when the pressure is released; (2) 


improved toughness, especially when al 

fiber cloth is used as the filler; (3) hel, 
holding thickness to closer tolerances fo 
to less platen deflection. dite, 

The contact laminates, already refers) 
to, make use of several newer types of 
resin, usually liquid, but used withoy, 
solvent or diluent. These anhydrous resig 
therefore give off no moisture upon cure 
They are usually polyesters, or styrene ¢. 
rivatives, or can be mixtures of sever) 
chemical types. Their use has made possihj, 
an interesting development in the Dro. 
duction of standard forms, the COntinuoys 
laminated sheet. This sheet is made by 
impregnating a filler web with a cong 
resin by one of the usual methods, the, 
passing the web through a tunnel-type oye, 
in which time and temperature are s rep. 
ulated that polymerization is complete when 
travel through the oven is concluded. The 
resulting laminate is cut into sheets, or cay 
be wound into rolls if flexible. 

Low pressure laminates are being use 
for such items as aircraft rudder and wing 
control surfaces, cartop boats, 8-ft.-long 
caskets, baby bassinets, wall panels, instr. 
ment cases, radar housings, electronic jp. 
sulation, luggage, artificial limbs, refric. 
erator panels, table tops, and ice buckets 


Composite and Sandwich Materials 


Probably no field in materials production 
offer such wide possibilities as does the 
fabrication of composites. Lightweight ply- 
wood is surfaced with metal to produce a 
low cost, low weight, high strength sheet. 
Rubber is bonded directly to metal to pro- 
duce a new type of shock absorber. Plastic 
sheeting is bonded to Masonite board in 
an attractive construction panel. Carbon- 
ized linings in sheet metal firedoors lower 
weight and increase heat resistance. Vul- 
canized fiber as a facing for plywood makes 
a lightweight air carbo crating. Aluminum 
sheets with a core of balsa develop extreme 
rigidity with almost feather lightness. The 
materials engineer has a practically un- 
limited choice of the properties to be com- 
bined in a composite material. 

Only the plastics are mentioned here. 
In a sense all the composites are plastics 
materials, as they use a resinous glue or 
obtain a bond by curing a plastic sheet 
directly onto another material. Those that 
have only the use of a resinous glue to tie 
them to the plastics industry, however, can 
be more properly considered in connection 
with some other group. 

The so called “sandwich” laminates have 
attracted the most attention, and are prob- 
ably the most important from the viewpoint 
of the designer and the structural engineer. 
These have one feature in common—they 
utilize a low-density core and _higher- 
strength facing materials. The core permits 
lightness of weight, while at the same 
time serving to hold the facing layers in 
position, as the web of a beam holds the 
flanges. 

The early plywoods, in which a durable 
wood was used for facing and a softer, less 
dense wood for filler, were sandwich mate- 
rials. The idea was carried to a higher 


degree in the DeHavilland Mosquito Bomber 
during the war, when hardwood facings 
enclosed a balsa wood core. Thin aluminum 
sheets with a balsa core formed a corres- 
ponding material used in parts of all-alu- 
minum aircraft. 

Plastics make excellent core and facing 
materials, and some of the most interesting 
of the present sandwich materials are those 
composed in part or wholly of plastics. 
Facing materials can be thin laminates, and 
several sandwiches now going into aircraft 
have glass fiber laminates as facing. When 
combined with a foamed or cellular plastic 
core they make high-strength, very light 
weight sheets. 

The core material must meet the follow- 
ing requirements: 


(1) It must be sufficiently strong in 
tension to prevent buckling of the faces 
through tensile failure in the core itself 
when a force is applied perpendicular to 
the surface of the sandwich. 


(2) It must be sufficiently strong in 
compression to resist localized pressures due 
to rough handling. 


(3) Ie must be sufficiently tough to re- 
sist splitting and failure in the core before 
the faces can demonstrate full strength. 


(4) It must be sufficiently rigid to hold 
the sandwich material stable while the faces 
carry the load. A soft or flexible core would 
cause premature failure. 


(5) It must have sufficient shear strength 
to resist core failure in shear due to buck- 
ling. 

(6) Ie must possess adequate resistance 
to impact and vibration. Materials gran- 
ular in structure show poor vibration re- 
sistance. 


For specific uses, one or more of the 
following properties may be important: 
(1) heat resistance; (2) thermal conduc. 
tivity; (3) acoustical properties; (4) flan- 
mability characteristics; (5) water resis- 
tance; (6) chemical resistance. 

General types or core materials are: 


(1) Foamed thermosetting resins, such 
as Pliofoam, an urea-formaldehyde resin 
Testolite, a phenol-formaldehyde plastic 
Laminac, also a phenol-formalydehyde, and 
Thermazote, likewise a phenol-formalde- 
hyde material. 

(2) Foamed thermoplastic resins, such 
as Styrofoam, a polystyrene; CCA (cellular 
cellulose acetate), and Plastazote, viny! 
formal. 

(3) Foamed rubbers, such as Fotofoam, 
Cell-Tite, and Rubatex. 

(4) Honeycomb cores, of glass, fabric, 
or paper in grids, with a resin binder. 

(5) Natural cores, such as balsa. 

(6) Foamed glass, such as P. C. Foam- 
glass. 

(7) Foamed calcium alginate. 

(8) Impregnated fibtous cores. 





In the case of the foamed core matt: 
rials, the structure is obtained by solvent 
blowing agents, by solids yielding a large 
volume of gas, by a condensation reaction, 
or by monomer vapor. The gas may be te 
leased in a reaction, or it can be obtained 
by releasing pressure in compression 0 
extrusion equipment. Some of the thermo 
setting types can be poured, then foamed 
in place. 

Most of these foamed resins are excellent 
heat insulators, and when prices have beet 
brought down to competitive levels should 
find wide application in that field. The) 
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sre already being so used to some extent. 

The foamed thermosetting plastics are 
enerally more moisture resistant than the 
‘hermoplastics. The thermoplastic types can 
'» formed to some extent upon heating. 
For all of the foamed materials, variable 
jensities are available, the density increas- 
ing as strength characteristics increase. Most 
of them are in limited or experimental 
production, and tables of densities of avail- 
ble types with corresponding strengths can- 
not yet be accurately compiled. _ ' 

Cellular cellulose acetate, for instance, is 
available in four weights upon order, 4-to-5, 
6-t0-7, 7-to-8, and 8-to-9 Ib. per cu. ft. 
As a great many combinations of core 
materials, core densities, core sizes, facing 
materials, facing strengths, and facing sizes 
are available, strength properties could be 
given for specific combinations only. A few 
standard combinations are being prepared, 
but the plastic sandwich materials are still 
in the “special order” category for the 
most part. 

The laminates are made by bonding the 
facing materials to the core with resinous 
glues. Phenol-formaldehyde, resorcinol-for- 
maldehyde, and urea-formaldehyde types 
are widely used for attaching wood or 
plastic facings, and combination adhesives 
are usually used for bonding the cores to 
metal. The metal facings of aluminum, 
magnesium, steel, or stainless steel, are 
primed with a coating of Cycle-Weld, 
Reanite, Bostik, Cordo Bond, etc., the prime 
coat is dried and cured, and the lamination 
is completed with a conventional formalde- 
hyde-type adhesive. Use of high-frequency 
heating shortens the time of cure. 

Honeycomb cores are of particular in- 
terest as Components in sandwich materials. 
Several types of honeycomb are in produc- 
tion at present; about 90% of it utilizes an 
80-sq. weave cotton fabric, impregnated 
with phenolic resin. Other honeycomb ma- 
terials are made with paper or glass cloth 
laminates. Phenolic resin is used for the 
paper-base types, while a polyester resin is 
used with the glass fiber. 

The standard honeycomb made from cot- 
ton-base laminate weigh 334 lb. per cu-.ft., 
and paper laminates weigh from 2 to 314 
lb. per cu. ft. Commercial panels range 
trom 44 in. to 2 in. in thickness. Costs are 
still high—a 7/16-in. panel faced with 
\/16-in. mahogany cost $1.50 per sq. ft. 
recently—but they are declining steadily, 
and may soon be available for strongly com- 
petitive fields such as housing. At present 
they are largely used in the aircraft industry, 
where reduced’ weights in such parts as 
flooring, columns, doors, and hatches, pay 
large dividends. 

_ In a recent comparison of aircraft floor- 
ing materials, a panel of cotton honeycomb 
was tested against the usual 34-in. spruce 
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These Fibergias reinforced plastic parts illustrate adaptability of the materials to 
fabrication of complex and compound-curve parts. 


plywood panel. The honeycomb panel saved 
30% of the weight of the plywood panel, 
and was 100% stronger. It was estimated 
that a weight saving of 800 lb. would result 
from using the plastic flooring in a com- 
mercial transport plane, and as weight sav- 
ings are calculated to be worth annually 
about the price of gold, the savings would 
amount to several hundred thousand dol- 
lars per year. 

Curved panels are possible with honey- 
comb cores, as with most of the foamed 
plastics. Compound curves have been pro- 
duced also. Low pressure paper-base lam- 
inates, plywood, aluminum, and other 
facings have been used in aircraft sandwich 
laminates. Because much of the bracing and 
stiffening necessary with thin sheet mate- 
rial can be eliminated when sandwich types 
are used, design and fabrication can be 
simplified. 

Sandwich construction is now being used 
for aircraft fuselage sections, doors, bulk- 
head panels, ribs and other reinforcing 
members, wing and tail structures, collapsi- 
ble tables, furniture and cabinets. Applica- 
tions in other forms of transportation, such 
as boats, trailers, refrigerated trucks, and 
railway cars, are being studied. Other uses 
under consideration are in luggage con- 
struction, large commercial refrigeration 
units, prefabricated housing, furniture, 


toys, and sports items. 

In addition to the true sandwich mate- 
rials, characterized by a lightweight core, 
there are composite materials in which a 
facing of a plastic over a nonplastic, or of 
one plastic over another, provide desirable 
features. Plywood and Masonite board faced 
with plastic are standard materials of con- 
struction in the manufacture of motor 
coaches, railway cars, and aircraft, the 
plastic face providing a durable surface 
that does not need paint. Laminates of this 
sort are made without use of a glue binder. 
The plastic face, usually a formaldehyde- 
type thermosetting resin, is applied and 
cared in place, and is bonded by the cure. 

During the war instrument cases were 
made by applying vinyl faces over a phe- 
nolic fabric laminated core, the rubbery 
vinyl providing a desirable surface while 
the phenolic laminate gave the case rigidity. 

Like the low pressure laminates, the 
sandwich materials are war babies. They 
have not yet standardized their materials 
and reduced costs to the point that they 
can compete strongly with established 
structurals except in the aircraft industry, 
where weight saving offers a very high 
premium. They are beginning to challenge 
accepted materials in many fields, however, 
and will certainly enter some of them, par- 
ticularly in other branches of transportation. 


Machining Structural Plastics 


Several methods of fabrication useful in 
Working metals are not adaptable to plastics 
aminates. All hot forming operations must 
€ ruled out, and likewise all cold press- 
forming procedures. After the laminate 
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has been formed, machining is practically 
the only way to reshape the piece. Even 
the thermosetting resins have a certain 
formability at elevated temperatures, but 
this is so limited that it is not widely used 


as a forming method. 

Laminated plastics machine without any 
difficulty. Even the glass fiber laminates can 
be cut satisfactorily, although carbide-tipped 
tools are recommended for speed and finish. 
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For the most part ordinary high speed steel 

tools will suffice. Several grades of the 

henolics intended as bearing stock should 

cut with carbide-tipped tools, and use 

of these tools for all cutting of laminates 
will permit higher cutting speeds. 

Turning—Roughing cuts can be made 
with carbon steel tools. Tools should be 
kept sharp, and the work rotated at a speed 
about 25% higher than that for ferrous 
metals. Clearance should be ample; at least 
30 deg. is recommended. The tool should 
be ground with a flat lip, and with about 
12 deg. side clearance. Peripheral speeds 
of 400 ft. per min. can be used with high 
speed tools, while with carbide-tipped tools 
speeds as high as 700 ft. per min. may be 
satisfactory. 

Cutting should be done dry. 

In facing or boring operations the tool 
should be fed toward the center of the 
work, so that there will be no tendency to 
separate the plies at the end of the cut. 

Stock allowance for finishing should be 
not less than 0.010 in. after the roughing 
cut. The feed for the roughing cut may 
be as coarse as possible but the finishing 
cut should be made with a feed of about 
0.010 in. 

Drilling—Best results will be obtained 
with the drills designed especially for plas- 
tics. These have a steeper twist, with a 
narrow web and highly polished flutes to 
facilitate chip removal. Their use in drilling 
holes larger than 3/16-in. in size is espe- 
cially desirable. 

The highest speeds possible may be used 
in drilling laminates. A %-in. drill may 
turn at 3000 rpm.; faster speeds, to about 
10,000 rpm., can be used for smaller sizes, 
and proportionately slower speeds for 
larger diameters. 

The drill should not be forced, especially 
when drilling parallel to the laminations. 
Frequent withdrawing and removal of chips 
will prevent packing, and will permit cool- 
ing of the drill also. The laminate should 
be clamped between plates or otherwise 
supported when drilling parallel to the 
layers to prevent splitting. 

When drilling small holes in plastics 
with ordinary high speed drills, the cutting 
edge should be ground with no rake. Rake 
should be removed by grinding the lips 
parallel to the drill axis, as for brass. Grind- 
ing the cutting edges to a 94 deg. angle is 
recommended for thick sections, while a 
55 deg. point can be used for thin sections. 

Because of the plastic quality of the 
material, holes drilled in laminates are 


Trade Name 


Bondelite 
Bondex 
Cellanite 


Company 





McInerney Plastics Co. 

McInerney Plastics Co. 

Continental Diamond 
Fibre Co. 

Detroit Paper Products 
Corp. 

Farley & Loetscher Mfg. 
Co. 

Formica Insulation Co. 

The Richardson Co. 

Wills & Roberts Plastic 
Mfg. Co. 


Duraloy 
Farlite 
Formica 


Insurok 
Lamatex 


usually from 0.001 to 0.003 in. under the 
drill size. If the drill is being used dull, 
the hole may be several additional thou- 
sandths undersize. When greater precision 
is required a drill about 0.002 in. oversize 
can used. Some authorities suggest 
grinding the drill slightly off center, but 
precision is difficult to obtain by such 
methods. 

Drilling should be done dry, especially 
with the smaller sizes. A little coolant can 
be used when drilling large holes, but it 
must be used sparingly, and any oil or fatty 
compound should be avoided. Water has 
been used successfully as a coolant. Removal 
of chips by suction, and playing a jet of 
compressed air on the drill, are methods 
that have shown as good results as any. 

Tapping—The taps used for metal are 
suitable for tapping plastics laminates also. 
The tap drill size should be changed, how- 
ever, to one 0.003 to 0.006 in. larger to 
counteract the tendency of the drill to cut 
undersize. A Class 2 fit, with 65 to 70% 
of thread, is the best that should be expected 
of tapped holes in plastics; additional thread 
depth increases the risk of breakage. 

For production work the taps can be 
nitrided or chrome plated to increase life. 
Grinding a 5-deg. negative rake on the 
front face of the land helps to prevent 
binding when backing out. Threads will 
be more accurately sized if the tap is 0.002 
to 0.006 in. oversize. Undersize taps can 
be built up by chrome plating. 

For machine tapping a speed of 40 to 
80 surface ft. per min. is good practice. 
Water can be used as a lubricant if required. 
When holes over 1)4-in. in dia. are to be 
tapped, collapsible taps will be found useful. 

Punching—Blanking of sheet laminates 
is included under the head of punching. 
For punching either holes or blanks it is 
important that there be minimum clearance 
between the punch and the die, and between 
the punch and the pressure stripper, if cleaa- 
edged holes or blanks are to be produced. 
As in drilling, an allowance must be made 
for the plasticity of the material during 
punching if holes are to be sized accurately. 

Compound dies are the most satisfactory 
for intricate pieces. If high speed fabrication 
is desired, progressive dies are best. With a 
punch press speeds to 150 strokes per min. 
are common. 

Punching is facilitated by heating the 
laminate to about 250 F. This is especially 
advantageous with the thicker sheets. An 
additional allowance must be made for 
shrinkage when punching hot stock, and 


Producers of Plastic Laminates 


Trade Name Company 





Mica Insulator Co. 

Marathon Corp. 

Marco Chemicals Inc. 

Continental-Diamond 
Fibre Co. 

Westinghouse Electric 
Corp. 

Detroit Paper Products 
Corp. 

Wilmington Fibre Co. 

St. Regis Paper Co. 


Lamicoid 
Lignolite 
Marcolite 
Micabond 


Micarta 
Mir-Con 


Ohmoid 
Panelyte 


this allowance will depend upon 
ness of the stock, the sinpereeure a Ps 
size of the hole. For a 4-in. hole in 1/] 
in. stock, the allowance might be 0.003 
0.005 in. over the nominal punch «. 
while for the same size hole in \4.ip 

it might be 0.012 to 0.015 in. ™% 

Tolerances can be held more close| 
drilled holes than on punched holes the 
diameter of a punched hole should not 
less than the thickness of the sheet, whip 
the distance between the edges of punched 
holes, or between the edge of a Punched 
hole and the edge of the piece, shouij be 
not less than 142 times the thickness ¥ 
the sheet. 

Blanking laminated sheets in a prs 
sometimes leaves the edges rough. To o), 
tain smooth edges, a shaving operation may 
follow the blanking, provided the blanking 
die is made to cut oversize by about 1/\( 
to ¥ in. The blank is then trimmed }y 
forcing it through a hollow die of hardens 
tool steel or of soft steel with hard surface; 
cutting edges. A brass of soft steel play 
on the ram of the press forces the blank 
—_— the die. Thick sheets can be shaved 

ot. 

Milling—High speed milling cutters qa 
be used for machining plastics, but for high 
production carbide-tipped cutters are pre. 
erable. The cutting angle should have ; 
slight rake, usually about 3- to 5-deg. mor 
than for cutting metal. Speeds are abou 
the same as for brass or soft steel. Climb) 
milling is to be preferred, as it does not 
tend to separate the laminations in the sheet 

The feed should be about the same as for 
brass, and the cutter should be made to cat 
full, if the nature of the work permit: 
Sharp cutters produce a better surface, and 
heat the work less. 

Sawing—Laminates can be sawn with 
circular saws, band saws, abrasive saws, ot 
metal-cutting hand saws. For hand saws, 
blades with about 10 teeth to the in. are 
satisfactory. Band saws are the most adapt. 
able, and either the metal-cutting variety 
or the woodworking type with metal-cutting 
saw is satisfactory. 

Sawing with an abrasive saw is best done 
by taking several cuts, passing the saw back 
and forth through the work. Cutting the 
full depth in one pass causes heating of the 
work, and shortens the life of the saw. 

Shearing—Sheet stock can be sheared 00 
metal squaring shears. Thin sheets and 
punching stock may be sheared cold, but 
heavier weights are cut most satisfactorily 
when heated to 200 to 250 F. 


Trade Name Company 
Phenolite Co. 
Detroit Wax Paper Co. 
Detroit Wax Paper Co. 
Spaulding Fibre Co., lnc. 
Spaulding Fibre Co., loc. 
McDonnell Aircraft Corp 
Synthane Corp. 
King Plastics Corp. 
Taylor Fibre Co. 
General Electric Co. 
Continental-Diamond 
Fibre Co. 





Phenolite 
Phenopreg 
Phenrok 
Spaulding 
Spauldite 
Structomold 
Synthane 
Synton 
Taylor 
Textolite 
Vulcoid 
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blank 
shave! MMtrices for Electroforming 


o the Editor: 
Your excellent article in the July 


ood ‘cue of MATERIALS & METHODS 
“about illustrating the art of electroforming 
Climb) 


recision metal parts neglected to 
mention one way of making matrices. 

In your article you mentioned three 
possible techniques for making a 
matrix. One of these involves the use 
of a low temperature melting matrix 
having a melting point of from 200 
10 500 F. For this purpose a metal 
spraying gun such as we produce can 
be used. Our gun melts and sprays 
low melting alloys with close control 
of the amount and characteristic of the 


pe spray. This same gun can be used in 
: preparing molds for precision casting. 
ed on 

; and Michael S. Freeman 


1, but Metaloy Sprayer Co., 
torily New York 6, N. Y. 

As Mr. Freeman points out, metal 
ipraying should be included along with 
die casting, bobbing, or permanent 
mold and plaster mold castings. 

ee —The Editors. 
CO. 
C0. 


“loc WM Dielectric Heating Equipment 


Corp. fe 10 the Editor: 

I notice in your MATERIALS & 
METHODS Manual #16, wherein you 
list processing equiprnent, that under 
the category of Furnaces and Equip- 
ment, Induction and Dielectric Heat- 
‘Ng, Our name is not listed. 
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Inasmuch as we are one of the 
leading manufacturers of industrial 
dielectric heating equipment, and prob- 
ably have more generators in actual 
operation in industrial plants than any 
other manufacturer, I am sure that in 
the future you would be interested in 
rectifying the omission. 

Thank you very much. 

Marion Taub 


Radio Receptor Company, Inc. 
New York 11, N. Y. 


We appreciate having any omissions 
of this kind called to our attention so 
that future directories can approach 
perfection as far as accuracy is con- 


cerned. 
—The Editors 


Manual on Available Forms 


To the Editor: 

I second Mr. Alois’ suggestion of 
July for a manual of available forms 
and supply of wrought materials—in 
fact—could make good use of it right 
now in preparing engineering stand- 
ards. 


H. B. Robinson 
527 San Vicente Blvd., 
Santa Monica, Calif. 


Other readers have indicated a desire 
to have published a comprehensive 
compilation of available wrought forms. 


Thus, we may prepare such a listing. 


—The Editors 


Engineering Societies 
Council of New York 
To the Editor: 

I am pleased to inform you that the 
new Engineering Societies Council of 
New York has been organized. Four- 
teen Engineering Societies have each 
appointed two delegates and two 
alternates. It was my privilege to be 
elected chairman. At this time, I 
would also like to tell you how much I 
really enjoy MATERIALS & METHODS. 
It is my duty to read at least ten differ- 
ent technical publications which come 
to me each month, and I am glad to 
say that yours is one of the three I 
really appreciate reading. 

I am still amazed by the amount of 
factual data which you get into your 
publication each month, and compared 
to other similar publications it seems 
to me that you have at least three 
times as many technical articles which 
are worthwhile. 


H. Carlson, 
Chief Engineer 


The Chas. Fischer Spring Co., 
Brooklyn 17, N. Y. 


We appreciate Mr. Carlson’s kind 
words and will continue to try to im- 
prove MATERIALS & METHODS. I¢ is 
for this reason that we recently con- 
ducted an editorial survey to see just 
what the readers want. Any readers 
not reached by our questionnaire are 


(Continued on page 669) 
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CONSIDER THIS PROPOSAL 
TO STRETCH YOUR STEEL 


It Provides for a More Efficient Use of Sheet Steel—More Finished Products per Ton 


We are assuming that your most pressing 
problem today, like that of most manufac- 
turers, is how to increase production with a 
limited amount of sheet steel. And we 
believe we can help you solve that problem, 
in part or in whole, through the application 
of N-A-X HIGH-TENSILE to your operations. 


High Physical Properties 
Take the Place of Mass 


The method we suggest to stretch your steel 
is simple: Let metallurgy take the place of 
mass. The improved physical properties of 
N-A-X HIGH-TENSILE, as compared with car- 
bon sheet steels, make it possible to reduce 
sections substantially without sacrifice of 
strength. By taking full design advantage of 
N-A-X HIGH-TENSILE’s strength, impact tough- 
ness, fatigue- and corrosion-resistance, man- 
ufacturers have cut weight and mass as much 
as 25% in scores of parts and products. 


3 Tons of N-A-X HIGH-TENSILE 
Do 4 Tons of Work 


A saving of 25% in sectional mass means that 
3 tons of N-A-X HIGH-TENSILE will replace 


HIGH-TENSILE STEEL 


four tons of carbon sheet steel. Kour prod- 
ucts can be built for every three formerly 
produced—a 33% production increase. This 
is entirely feasible in a wide range of appli- 
cations, for N-A-X HIGH-TENSILE can be cold- 
formed and drawn to intricate shapes, has 
excellent weldability, and retains its prop- 
erties under extremely high temperatures. 


Production Economies Make Up 
for Higher Material Costs 


We believe that N-A-X HIGH-TENSILE will 
compare favorably in price with cheaper 
steels on a basis of over-all costs. The most 
important economy, of course, is the fact that 
three tons take the place of four. But in addi- 
tion, the properties and characteristics of 
N-A-X HIGH-TENSILE steel often effect sub- 
stantial savings in handling, fabricating and 
finishing operations to compensate further 
for its higher cost per ton. 


We would like a chance to work with you on 
the application of N-A-X HIGH-TENSILE to 
your production. We believe we can demon- 
strate that it is the logical steel to use—an 
effective answer to your current problems. 


GREAT LAKES STEEL 
Corporation 


N-A-X ALLOY DIVISION + DETROIT 18, MICHIGAN 
UNIT OF NATIONAL STEEL CORPORATION 


COPYRIGHT 1946, GREAT LAKES STEEL CORPORATION 
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invited to pass on their comments as 
1) what they like and/or dislike about 


‘ 


MATERIALS & METHODS. 
—The Editors. 


Supersonic Inspection 


To the Editor: 

Would it be possible for us to have 
two copies or reprints of the article, 
‘Supersonic Inspection of Materials” 
by H. R. Clauser, pp. 379-384 of Ma- 
TERIALS & METHODS for August 1946? 

Elizabeth P. Hatch (Mrs.), 
Librarian 
Metals & Controls Corporation, 
Attleboro, Massachusetts 


No reprints of this article are avaul- 
able but tear sheets are being sent. 


—The Editors. 


Induction Heating Manual 
To the Editor: 

I compliment you on Manual #18 
in your August 1946 issue devoted to 
the subject of Induction Heating. 
Would it be possible for us to have 
about ten reprints if they are available? 

Do you plan to compile a collected 
Coverage of the so-called Dielectric 
Heating field? I can well appreciate 
the fact that the almost endless scope 
of the non-metallic field should prob- 
ably be subdivided, but am sure that 


SEPTEMBER, 1946 


a duplicate treatment in the excellent 
manner attained for Induction Heating 
would be indeed stimulating. 
Thank you. 
William G. Ellis 


Radio Corporation of America, 
RCA Victor Division, 
Camden, New Jersey 


As with other MATERIALS & METH- 
ops Manuals, #18 on Induction Heat- 
ing is now available in reprint form. 
These reprints are sold at 25 cents a 
copy. As reader Ellis suggests, we are 
considering a manual similar to Induc- 
tion Heating on the subject of Dielec- 
tric Heating. 


—The Editors. 


Likes Appearance of 
Materials & Methods 


To the Editor: 

I have just seen the August issue of 
MATERIALS & METHODS, and wanted 
to write and tell you what an excellent 
job it is. 

We receive a good many technical 
journals at this office, and the ones that 
combine attractive lay-outs with first- 
class articles are very rare. Your journal 
is a pleasure to look at, and extremely 


instructive to read. 


John E. Pfeiffer, 
Science Director 


Columbia Broadcasting System, Inc., 
485 Madison Avenue, 
New York 22, New York 


Tool Steels 


Since publishing the comprehensive 
MATERIALS & METHODS Manual on 
“Tool Steels” that appeared in our July 
issue, we have had our attention called 
to a couple of errors in type-classifica- 
tions of some of the steels discussed. 

Thus in Table 1 on page 121 the 
tool steels referred to as compositions 
36, 37, 38 and 39 are not as clearly 
identified as they should be. No. 36 
(the “Mo-Max” composition) and not 
No. 37 is the type M-1 steel; No. 37 
is actually type M-10. No. 38 is merely 
a minor modification of No. 36, and 
is also a type M-1 steel. The type M-2 
steel in the list is actually composition 
No. 39, not 38 as we had shown. 

Elsewhere in the Manual it is im- 
plied that the composition 39 (or type 
M-2) steel is useful primarily because 
it conserves tungsten; actually this 
steel, originally developed as a con- 
servation measure, is now a very 
worthy material in its own right and 
has become one of our most useful 
high speed tool steels. 

Finally, on page 132, Table 22A, 
step No. 4 should read “heat to suitable 
hardening temperature;” the 2250- 
2300 F cyanide-hardening temperature 
indicated in the original Table is satis- 
factory for many high speed steels, 
but would result in serious overheating 
of others, for example compositions 
36, 37 and 38. 


—The Editors. 
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These FIVE Important Advantag 


1. Uniform, Accurately Controlled Carburizing——W ith 
exact control of temperature, time at tem- 
perature, and gas distribution, the new, 
electrically heated G-E gas-carburizing fur- 
nace assures a uniform, high-quality output 


of carburized steel. 


2. Short Carburizing Cycle—Accelerated heating 
by means of a high-powered furnace, and 
uniform heat distribution by a circulating 
fan, appreciably shorten the carburizing 


cycle. 


3. Low Operating and Maintenance Costs—Using an 
inexpensive carburizing gas, having a short 
heating cycle, and requiring a minimum of 


material-handling operations—the new gas- 


carburizer is economical to operate. With a 


: Fan motor when 
: “cover 's er 


SS eee 


Cc —— 


Gas vent with 
opening for iaig 
somples 


Cover support 
with antifriction 
bearing 


Hydroulic 
— hoist for 


tt & ah a 6.2 @ & as 
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sturdy construction and a convenient ar; 
ment of components, furnace maintenan 
reduced and simplified. 


4. Simple, Accessible Controls are convenia 
provided on a single instrument panel. 


5. Improved Working Conditions—With the ¢ 
nation of solid carburizing compounds, wo 
ing conditions are clean, and the gex 
appearance of the heat-treating room 
improved. 


...And These Plus-divide 
of Leadership: 


@ Performance-proved Construction 
@ Technical Assistance 
@ Nationwide Field Service 


The new, standard gas-carburizing furm 
like all other G-E electric furnaces, assi 
you of performance-proved construct 
based on steadily improved lines over alt 
a half-century of electric furnace resea 
design, and manufacture. To assist you it 
proving your product, experienced Heal 
Specialists are ready to inelp you to select! 
equipment and to recommend new, effid 
techniques. And, in major cities throug! 
the country, an expert field organizatia 
maintained to speed installations, solve # 
ating problems, and to be readily avail 


for servicing equipment. 
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NUMBER 120 METHODS: Testing 
September, 1946 d ntifi H d C i 
’ Identification of Electroplated Coatings 
When undertaking the identification of an unknown electro- be thoroughly removed by the use of a solvent (4.e. lacquer 
examinations should be made -in the order thinner). Re hee oe 

rege nm le often te will be When making spot and other chemical identification tests for 

which they appear in the table; it w unnecessary . - we ee 

10 all five The first four can be performed with little plated coatings, care must be taken to note that the reaction or 

to make oe. he as —s a i a color produced by the test is due to the coating and not to the 

or local damage to the samples; test No. 2 usually is de basis metal. Thin or porous deposits may give false indications. 

structive. In the table below, the acids listed are concentrated unless 

Before any tests are made, protective lacquer coatings must otherwise stated. 
| Test No. 4 2 
Test No. 2 | Test No. 3 | Spot Test With 
Test No. 1 Scratch Test | Spot Test With Con- Concentrated Test No. 5 j 

Coating Color and Appearance for Hardness | centrated Nitric Acid | Hydrochloric Acid Chemical Identification f 

Brass Light yellow to reddish- | Soft Dissolves— spot is | Slight reaction See tests for copper and zinc 
gold blue or green color | 

Cadmium Silvery white Soft | Dissolves — spot is | Dissolves— spot | Dissolve in nitric acid, make ' 

| colorless | is colorless solution alkaline to litmus 

paper with ammonia, then 

add 10% sodium sulphide SO, 

solution, a yellow precipitate « ry 
indicates cadmium Lt 

Chromium Frosty white in rough | Very hard | No reaction Dissolves — spot | Dissolve in hot 1:1 sulphuric t 
or matte finish; blue- | is green | acid, dilute after cooling, boil, 4 
white when polished add small amount of 3% so- b 

lution of silver nitrate and add = 
several crystals of ammonium TT 
persulphate; bright yellow Trt 
| | | color appears | 
Copper | Reddish, darkens and | Soft | Dissolves — spot is | Very slight reac- | Dissolve coating in hot sul- 
| loses its luster on | | light blue (add drop tion | phuric acid, dilute and im- 
| standing | of ammonia to spot | merse an iron nail (or steel i 
| —dark blue color knife blade) in solution; if f 
| | appears) copper is present, it will plate . 
| | out on the iron or steel , 

Gold | Typical gold color (or | Soft | No reaction | No reaction | Can be dissolved by sodium cy- T 
may be slightly al- anide or aqua regia (1 part r By 
loyed to give a reddish nitric acid plus 3 parts hydro- 1 By 
color ) chloric acid) 4. 

Lead Dull, silvery Very soft Dissolves — spot is | No reaction Add 10% caustic soda solution Baees fi 

colorless until alkaline to litmus paper; t+ 
a white precipitate appears a it 

Nickel Silvery white; when | Hard | Dissolves in dilute | Slight reaction Dissolve in nitric acid, make , 
polished and com- | nitric acid—spot is | the solution alkaline to litmus 
pared with chromium, | blue or green | paper with ammonia, add 
it appears yellowish | | | small amount of 1% solution mb 

| | of dimethylglyoxime in 95% 
| | | ethyl alcohol; pink or red ++ 
| | | precipitate appears 
Soon e oe —— = —| — . eufearesiamanits 
Platinum Silvery white | Relatively soft | No reaction | No reaction Can be dissolved by aqua regia 
(see gold) 

Silver Frosty white when un- | Soft | Dissolves— spot is | No reaction | Dissolve in nitric acid, make | 
polished; has high colorless | | solution alkaline to litmus | 
luster and bright char- | paper with 10% solution of at 
acteristic color when | caustic soda; a brownish-black ar 
polished precipitate appears os on oe 

Tin Bright grayish-white | Soft | Dissolves in dilute | Decomposes Dissolve in hydrochloric acid _ 4, 

| mitric acid—spot is | and add solid cacotheline (a r 

cloudy white nitro derivative of brucine) ; k 

a reddish-violet color appears REVSE 

Zinc | White Soft Dissolves — spot is | Dissolves — spot | Dissolve in nitric acid, make ee 
| colorless is colorless solution alkaline to litmus pa- ae 

| per with ammonia, add 10% Bese 
solution of sodium sulphide; , + 
a white precipitate appears b +++ 
Prepared from data furnished by George Black, Jack Sinner and the “1945 Plating and coc 
Finishing Guidebook” (Metal Industry Publishing Co., New York) aan 
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N-B>M 
BRONZE PARTS 


This rotating casting machine, especially designed by us, 
delivers spinning molds to a central pouring station in rapid 
succession — completes the casting cycle in one revolution. 


The rapid chilling results in denser, stronger and longer- 
lasting bronze parts— a good reason for you 
to specify N-B-M Bronze Parts. 








PLANTS IN: ST. LOUIS, MO. + PITTSBURGH, PA. + MEADVILLE, PA. + JERSEY CITY, N. J. « PORTSMOUTH, VA. + ST. PAUL, MINN. + CHICAGO, Ill 
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NUMBER 121 METHODS: Heating 


— Heat and Cost Properties of Fuels 


@ ARTIFICIAL GAS 580 
(CARBURETTED WATER GAS) 


@ NATURAL GAS 1000 
(SANDUSKY, OHIO) 


@ PROPANE 2500 
@ BUTANE GAS 3200 
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BTU PER CUBIC FOOT OF GAS BURNED 
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Fig. 1. Graph showing the heat generated by burning representative gaseous fuels. 
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Fig. 2. Comparison of costs of oil, natural and manutactured gases and electricity. 
Fig. 1. Taken from data supplied by Surface Combustion Corp. 
-Fig. 2. Taken from data supplied by J. O. Ross Engineering Corp. 
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if you weld: 


CUPRO-NICKEL... MONEL... 
ONZE... SILICON BRONZE .. 
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Electrodes with spray type ; bie Electrodes for depositing 
arc for depositing Cupro- Electrodes with spray type Electrodes for depositing corrosion resisting bronz 


Nickel alloy weld metal arc for depositing a Monel highest quality Phos- 
commonly wie as 70/30, Weld metal. Bronze weld metal. weld metal. 
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*While these electrodes are used for welding base metals of a similar azslysis, they may also be used for special 
applications when the base metal or metals are different. Contact your distributer for specific recommendations. 


WHEN SO MUCH DEPENDS ON SO LITTLE ... BE SURE, USE ARCOS 


REOS 





tl 
ARCOS CORPORATION - 308 GULF BUILDING, PHILA. 2, PA. p 
Your Arcos Distributor is well informed. Your Arcos Distributor has Stock. f 
NEW ENGLAND AND N. Y. CITY Sine roante Rien o:%'e The Gulf Welding Equipment Co. SOUND Be GMO cic ccccets Williams & A. n 
ahoma ty, Okla....... Hart Industrial Supply Co. Wichita, MANSSS. .. 2. ccc ccccesccscee® Watkins, In 
Hartt ’ oe : ° ° pply to « MOMSAS.. we ce eee ereneee 
rtford 2, COMM... 1... ++ seeseeeseeees Arcos Corp. Pampa, Texas............ Hart Industrial Supply Co. te 
MIDDLE ATLANTIC Phoenix, Ariz............. Arizona Welding Eqpt. Co. WEST COAST 
es Cs cece e chee ces Arizona Welding Eqpt. Co : t Co h 
tint Oh. Wak 5 ns wbins even OF Sen Root, Neal & Co. Tulsa, Oklahoma.......... Hart Industrial Supply Co. Bakersfield, Calif. .......++++4> Victor et a 
yA RRS Re roa ...Boyd Welding Co. PUGRs Glens cccccsceseoetees Victor Equit ame Z 
New York, N. Y¥. ....Arcos Corp., Hartford 2, Conn. Los Angeles, Calif. ........555- Victor Equipmen’ 
New Jersey............Areos Corp., Phila. 2, Penna. MIDDLE WEST Portland, Ore... . 2... see eeeeeet J. E. Haseltine © v 
I, Obs. sxc ccc cacsnéwat rcos C oratic San Diego, Calif... .. 6... eeeees Victor Equipment 
Pittsburgh, Pa... Terrerrrrr er willtame & Co. eke Chicago, t0f............+...+Machinery & Welder Corp. San prancieee. Calif... ws neanecs ‘Victor Equipment V 
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How to Build and Use a Preheating Furnace 


by H. H. Moss, 
Linde Air Products Co. 


The most common apparatus for gen- 
eral preheating is a temporary firebrick 
furnace fired with charcoal. Such a furnace 
can easily be erected according to the 
following instructions. All that is required 
are the firebricks, some asbestos paper, 
and fuel 

A temporary firebrick preheating fur- 
nace should be built to suit the individual 
needs of each job. Enough space should 
always be left between the brick wall and 
the casting to take care of the charcoal and 
to handle the casting if it is necessary to 
turn it during welding. A more accurate 
estimate of the dimensions can be made 
if the casting. is temporarily placed in 
position for welding. 

First, the furnace floor should be built 
with the bricks laid closely together on 
the concrete floor of the welding shop. A 
lew shovelfuls of dry sand spread over 
the bricks will fill up the cracks. This 
prevents embers or drops of molten metal 
irom accidentally escaping from the fur- 
hace and causing a fire, and further serves 
to insulate the shop floor from the heat. 
Next, the walls should be built, leaving a 
‘in. space between the bricks at intervals 
on the first course to provide draft. The 
walls should be built up a bit higher than 


the top of the piece to be welded. Bricks, 
Placed on end near each opening in the 
lifst Course, act as dampers. 


Finally, two bricks should be placed on 
age on the top of the wall with a steel 
fod or light angle iron across them to 
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serve as a support for the asbestos paper 
roof and to form a flue that will produce 
sufficient draft. If the casting is particu- 
larly heavy or cumbersome, it should be 
positioned on the furnace floor before the 
walls are built. 

Charcoal is the most suitable fuel be- 
cause it requires no forced draft to burn, 
gives off no soot or smoke, and produces 
a steady, constant temperature. Gas, oil, 
or kerosene torches are sometimes used 
instead of charcoal. Coke should not be 
used because it gives too high a tempera- 
ture and too localized a heat. 

The entire bottom of the furnace should 
be covered with charcoal before the cast- 





A sketch of a typical temporary prebeating 

furnace. When the charcoal begins to 

glow evenly, the furnace should be covered 
with asbestos paper. 


SHOP NOTES 


ing is placed in the welding position. 
The casting should be supported on bricks 
or pieces of brick on the floor of the 
furnace. This is to prevent it from sag- 
ging under its own weight, to place the 
weld in a horizontal position, and to 
permit its being preheated from under- 
neath. Then more charcoal should be 
strewn loosely all around the casting. Not 
too much charcoal should be used though, 
for it is likely to overheat the casting and 
Cause it to sag or warp. 

Since thin parts of the casting get hot 
more quickly than the thicker sections, 
more fuel should be placed around the 
heavier sections. When the charcoal be- 
gins to glow evenly, the furnace should 
be covered with a sheet of asbestos paper. 
To make sure that all the charcoal is 
thoroughly ignited, a blast from a com- 
pressed air hose can be introduced for a 
moment through the bottom draft holes. 
Do not use oxygen or the oxygen hose for 
this purpose. 

The fire should be watched and regu- 
lated so that the part is heated uniformly. 
This means closing or opening draft holes, 
moving hot coals around, or adding fuel 
wherever necessary. To avoid overheating 
thin sections, fuel should be added only 
around the heavier sections. After the fire 
has burned for half an hour or more, it 
is time to check the temperature of the 
casting so that it will not become over- 
heated. A flap-like break should be made 
in the asbestos paper. 

There are several methods of testing 
the temperature, the most accurate of 
which is by using temperature-indicating 
crayons. If these are not available, how- 
ever, a splint of soft pine can be rubbed 


(Continued on page 679) 
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TWO NEW SERIES OF MUREX ELEGE 


... For All-Position Welding of High-Strength Steel: 


One of the most important welding developments 
in recent years, the new Murex line provides two 
complete series of chrome-moly electrodes espe- 
cially suited for all-position welding of power plant 
piping and equipment as well as a variety of appli- 
cations involving high tensile strength steels. 


The graduated alloying contents of chromium 
and molybdenum give these electrodes a wide 
range of well-balanced mechanical properties. 
Thus it is possible to select weld metal similar in 
strength and ductility to many high tensile steels. 
The eight electrodes, listed at right, comprise 
the two groups. 


METAL & THERMIT CORPORATION 
120 BROADWAY, NEW YORK 5, N. ¥Y. 
Albany + Chicago + Pittsburgh +- So. San Francisco + Toronto 











..» fer use on direct current 
with reverse polarity. 


... feruse oa slternatiag cur- 
reat or direct current with 
either polarity. 








MATERIALS & METHOD! 














4 ODS 


EPTEMBER, 


sting; if the wood chars, the 


inst the ca 


| Iding. 
; ready for we 
pron accurate test can be made by 


king a button from a small amount of 
4 melted from a lead bar and placing 
on the casting. If the button melts 
temperature of the casting is 

ich is the desired heat for 

‘gary cast iron. The two bricks on top 
the wall can then be removed to lower 
asbestos paper for welding. A piece 
asbestos paper loosely folded three or 
times can be placed on top of the 
ace to protect the operator from the 
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Improved Method 
for Making Fine Diamond Dies 


A method for making fine diamond 
s, 0.0004 to 0.015 im. im size, in 
ghly one-third the time required by 
vious European and American meth- 
s has been developed by The Bureau 
Standards, Dept. of Commerce. 

The European and American die mak- 
customarily used a star drilling action 
making diamond dies. This called for 
drilling machine with a_ horizontal, 
gle spindle making 3,500 rpm. The 
achine carried a sewing needle for the 
ill. The diamond, mounted on a sec- 
bd spindle, oscillated against the sharp- 
ned end of the drill. Frequent regrind- 
g of the needle was mecessary. The 
thod was tedious and took from 115 
170 hr. to produce a die of 0.001 in. 
less. 

Use of electric current in the drilling 
ocess is the chief innovation developed 
the Bureau of. Standards. The equip- 
ent consists of a variac, rheostat trans- 
mer, alternating current ammeter, 
enched spark gap, and a support for 
be diamond and electric drill. 

To form the primary cone, a pilot hole 
foredrilled through the diamond by 
eans Of an electric spark. Then, by 
orking through the pilot hole with a 
ght commercial drill, the contour of the 
ne can be reamed or shaped without 
lling the drill. The operation takes 
bout 3 hr. for one die. 

Drilling of the secondary cone, also 
one electrically, takes 1 hr. Thirty hr. is 
bnsidered necessary for finishing and pol- 
hing the secondary cone and bearing. 
fevious methods have not given suff- 
ent emphasis to. this phase of the work. 
powever, polishing is done with a mul- 
ple head drilling machine, operating 24 
-@day and requiring scant attention, 
D that the cost per die is small. 
Altogether, with the methods used by 
he Bureau of Standards, a die can be 
lade in about 40 hr. 

Another objection to the foreign die- 
akers practice is that of bruting-cutting 
ne diamond with another to form par- 
lel surfaces. This practice results in 


“ain, flaws, or fractures in the die. 


Courtesy, Office of Technical Services, 
: 5S. Department of Commerce.) 
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Preventing Magnesium Fires 


by Norman J]. Thompson, 
Associated Factory Mutual Fire 
Insurance Companies 


Proper spacing and arrangement of 
magnesium stock plus standard automatic 
sprinkler protection are the most depend- 
able safeguards against high losses from 
magnesium fires. This is one of several 
important conclusions coming out of a 
series of sixteen fire tests recently under- 
taken by the Factory Mutual Laboratories. 
The tests were conducted inside a build- 
ing, and the purposes were to disclose the 
burning characteristics of the metal and 
to re-examine protective recommendations. 

It was demonstrated that the water 
from automatic sprinklers absorbs a large 
proportion of the heat from a magnesium 
fire and reduces the general temperature 


One ton of magnesium chips burning 
during fire test at Factory Mutual Labora- 
tories. Water from six sprinklers protects 
building against structural damage. 


in the room. This occurs despite the fact 
that the water intensifies the burning and 
hastens the destruction of the pile. The 
general room temperature is less under 
sprinkler discharge than if the fire is 
allowed to burn without any attempt to 
extinguish it. 

Sprinkler protection was also shown to 
be capable of confining a fire to a single 
pile, and to prevent structural damage to 
buildings and to ordinary combustible ma- 
terial as close as 5 ft. to a fire involving 
150 Ib. of magnesium. Without sprinkler 
protection, a fire involving the same 
amount of magnesium will ignite com- 
bustibles at a lateral distance of 10 ft., 
and at considerably greater vertical dis- 
tances. 

Even when well away from walls and 
partitions, a fire in 600 lb. of castings, 
and probably considerably less, would 
cause ultimate complete destruction of 
an unsprinklered and otherwise unpro- 
tected plank-on-timber building. Other 
piles of magnesium castings 4 ft. away 
from such a burning pile would not be- 
come involved if under sprinkler protec- 
tion. 

Burning magnesium on contact with 
concrete causes violent spalling, which 
scatters the fire. A similar explosive ac- 
tion occurs when molten magnesium drops 
into any pools of water which may collect 


on an uneven floor. Both of these factors 
contribute considerably to the violence of 
a magnesium fire but can be largely elim- 
inated by covering the concrete with a 
sufficiently thick layer of porous, non- 
combustible material, such as sand or 
cinder. 

Storage in a basement or similar sub- 
grade space should be avoided because of 
the difficulty of venting and relieving 
pressures produced by contact of water 
with molten metal and by explosions in 
hydrogen-air mixtures. Storage on grade 
floors with no space below is advisable. 
Based on extent of floor damage in the 
tests involving only a ton of magnesium, 
it is probable that fires in larger quanti- 
ties would produce holes, even in a rein- 
forced concrete floor, and permit burning 
metal to drop through. 


Slip Bushing Handle 
by Thomas A. Dickinson 


When varied-diameter holes must be 
drilled in a single article with a single 
jig, it is ordinarily a time-consuming 
procedure, because the bushings must fit 
into the jigs with reasonable tightness 
and because there is generally no way 
to imsert or remove the bushings with 
reasonable efficiency. 

Therefore, much time can be saved in 
many factories by means of the slip-bush- 
ing handle, as shown in the drawing. It 
can be readily made from scrap-metal 
plate, and it is fastened to the slip bush- 
ing by means of a single screw. Because 
a simple stop pin will prevent rotation 
of the handle and bushing during drilling 
operations, the bushings used may fit 
loosely into the liner —thus permitting 
rapid insertion and removal by simply 
grasping and turning the handle. 

Dimensions of the handles depend 
primarily on the sizes of the bushings 
that are to be used. However, they should 
be standardized to such an extent that 
they will not necessitate varied stop-pin 
locations. One handle should be made 
for each bushing that is to be used in 
drilling a single hole. 


SCREW FOR HOLOINE 
5L/P BUSHING 
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Drawing of the slip-bushing handle show- 
ing its essential features. 
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Preparing Bearing Shells for Babbitting 


by A. A. Goodman, 
Westinghouse Electric Corp. 


Years ago, when the predominent num- 
ber of large babbitted bearing shells were 
made of cast iron, a series of axial and 
circumferencial dovetailed slots were cut 
into the bore of the shells prior to pour- 
ing of the babbitt lining to the shell. 

In the transition from the use of cast 
iron to steel and bronze shells which 
would bond to babbitt, these slots were 
dispensed within the smaller sized bear- 
ings. The larger bearings, however, re- 
gardless of material, still carried the slots 
as an additional factor of safety against 
the change of having the babbitt lining 
loosen away from the shell. 

Early in the last war, the importance 
of saving man and machine hours, plus 
the critical shortage of tin, resulted in the 
acceptance of a shop suggestion to replace 
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the slots with a serrated bore. Such a bore 
would present more surface for the bab- 
bitt to bond to than a smooth bore. A 
12-pitch serration was decided upon which 
gives approximately 50% more surface 
per linear in. than a smooth bore. 

The saving in babbitt that formerly 
filled these slots was considerable and the 
saving in man and machine hours was in- 
deed welcome. The slotter operation 
(axial dovetails) was completely elim- 
inated, and the entire bore is finished on 
the lathe or boring mill on one setup. 

This serrated bore is now used on all 
bearings except those made of cast iron 
and aluminum bronze, which will not 
bond to babbitt without special salt bath 
treatments or without the use of elec- 
troplating. 





The old and new way of preparing bearing shells for babbitting. A shows the serrated 
form now in use; B shows the old type dovetail slots. 





Spot-Checking Anodic Films 


by George Black 


It is not always possible to detect the 
presence of anodic films, and often an as- 
sembly workman or inspector will ques- 
tion the finish of a part in hand. Light 
chromic acid films and those applied 
from sulphuric baths can easily be mis- 
taken for bare metal. With the visual test 
sO uncertain, it is important that all con- 
cerned be aware of the relatively simple 
methods available for spot checking. 
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Since unanodized aluminum forms a 
comparatively weak bond for paint films, 
the ease with which paint coats can be 
stripped is usually a fair indication as to 
whether or not the surface of the metal 
had been treated prior to painting. This 
is not considered trustworthy, however, 
as too much variation will be encountered 
according to the type of paint used, the 
method of application, the thickness of 


the coats, the type of cleaning Solveny 
ing used, etc. Actual testing of the 
begins after the surface has been » 
cleaned down to the bare metal. 
Using regular stamping ink 
stamp impression to the cleaned ol 
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Sketch showing a simple set-up for dy 
spot test of anodic films, 











and allow to dry, then rub briskly yj 
a dry clean cloth. Chromic acid 
films will retain the stamp impres) 
while bare metal or sulphuric acid § 
will permit the impression to be yj 
away. If the ink impression remains ; 
a fair indication that an inorganic sy 
treatment has been applied. This ink 
tention test should be followed by an dg 
tric spot test if the stamp impresy 
wipes away, or if further proof of ths 
istence of a chromic acid film is desig 
All kinds of elaborate equipment , 
be used to test the dielectric value of i 
anodic film, but all that is needed } 
ordinary flashlight battery and bulb, a 
a piece of wire. The surface to be tes 
should be thoroughly cleaned, using g 
vents and rags only; then the tester sho 
be rigged as shown in the accompany 
illustration. 
With the base of the battery in conm 
with the bare metal surface, the free e 
of the wire is held against the metal. 
is recommended that the free end of 
wire be bent up so that contact is mé 
with the radius of the bend rather thw 
with the edge of the wire. Care shoul 
be exercised to prevent scratching & 
metal. 
Unanodized aluminum will conduct i 
current and make the bulb glow ims 
diately. Surfacés anodized by the chromi 
acid method will prevent the passage | 
current under ordinary pressure conti 
while anodic films formed in sulphun 
baths show excellent strength and requil 
heavy pressure and scratching before 
rent will flow. 


Improved performance. of timing mol 
when operating under an extremely wil 
range of temperatures with the ust 
silicone oil as a lubricant has been! 
ported by the Hayden Manufacturing | 
Forestville, Conn. According to engine 
the improved operations resulted from 
properties which are peculiar to sila 
oils. In addition to withstanding high 
bient temperatures, the oil does not reall 
oxidize or corrode. It does not react ™ 
any of the more common metals, ba’ 
very low volatility loss, and has 4™ 
atively flat viscosity curve. (General Ele 
tric Co.) 
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A selection of outstanding articles on engineering materials 
and processing methods in the metal-working industries. 


MATERIALS and DESIGN 


Metals and Alloys 


Magnesium Battery 
Corrosion Protection 
Zinc-Base Die Material 
Improved Chromium Plate 
Nitriding Steel 


Nonmetallic Materials 


Plastic Lenses 

Welding Thermoplastics 
Lignum-Vitae Bearings 
Properties of Wood 


General Product Design 


Nonferrous Forgings 


Aluminum Rotors for Electric Motors 


Design of Powder Metallurgy Parts 


METHODS and PROCES 
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Carbon Products in Steel Plants 


Fabrication and Treatment 

Heat Treatment of Aluminum 
Friction Sawing 

Degreaser Maintenance 

Dry Galvanizing 

Soft Soldering 

Welding Aluminum 

A French High Frequency Furnace 
A New Welding Technique 


Testing and Inspection 


Nondestructive Testing of Castings 
Standard Nonferrous Test-Bars 
Testing Plastics 











Engineering properties and applica- 
tions of carbon, alloy and stainless 
steels, irons and nonferrous metals and 
alloys. Selection and evaluation of 
metallic materials for engineering ser- 
vice. New alloys and modifications. 




















Magnesium Battery 


Condensed from 


Magnesium cells were invented by Gor- 
don in 1930 and later developed into a 
practical and serviceable battery at the 
works of Callender’s Cable & Construction 
Co., Ltd. (England). In their simplest 
form these cells were produced in three 
sizes, the smallest 5 in. long by 2 in. dia., 
consisting of a carbon tube (the anode 
forming the body of the cell), with three 
magnesium rods 4144 in. by % in. wrapped 
in woodwool and inserted in the tube to 
form the cathode. 

The cell gives an unvarying current of 
1.5 volts during 400 hr. continuously or 1 
volt at 100 milliamps under load. Neither 
temperature nor current output vary 5% 
until the magnesium is exhausted. The 
next size, 5 by 2% in., containing five 
magnesium rods as cathode, gives 600 hr. 
continuous output without current drop or 
temperature rise. 

The third size, 5 by 3 in., with eight 
magnesium rods, gives the same voltage 
and ampere output for 1000 hr. The cell 
weights range from 8 to 15 oz. The per- 
missible rate of discharge depends entirely 
on the cathode surface exposed to the ac- 
tion of the electrolyte and can be calcu- 
lated by the designer as closely as the out- 
put of secondary cells. 

The electrolyte is merely aerated water, 
with no waste of the metal element, pro- 
vided air and moisture are not present in 
large quantity. The cell does not deterio- 
rate by storage, even in the tropics, if kept 
dry. By decreasing internal resistance and 
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"Light Metals” 


increasing air the large cell may be ex- 
hausted in 400 hr. at a discharge rate of 
1 volte 334 m/amp. 

Logical application for these cells is for 
domestic purposes, such as for lighting in 
remote districts with no electric supply; 
also for propelling road, rail, river and 
light sea-going transport. The batteries can 
be recharged. One item undergoing en- 
durance test is a domestic refrigerator unit, 
including a compressor blower and prime 
mover, consisting of two pairs of solenoids 
in place of an electric motor for propul- 
sion, powered by 24 to 48 3-in. cells. 

Also a submersible pump, operated by 
two solenoids, actuated by a Gordon mag- 
nesium battery, is undergoing test. The 
number of cells needed here depends on 
the bore of the delivery pipe and on the 
height the liquid must be lifted from its 
source to the delivery point. A magnesium 
“deaf aid” battery of pocket size has also 
been tested. 

In testing there is a certain delay before 
the cell reaches full voltage; on intermittent 
work this induction period may amount to 
as much as 30 to 40 sec. and, after partial 
evaporation, may be still greater, caused by 
the quality of the carbon tube. By elimi- 
nating all ash content from this carbon the 
full voltage was developed immediately, 
except when the cell has been in use and 
allowed to dry up, or when first put into 
service. (Light Metals, Vol. 9, July 1946, 
pp. 354-355.) 


Corrosion Protectic 
Condensed from “Corro: ion” 


To determine the real effect of paing, 
on galvanic corrosion, a numbe: of ¢,, 
ments were made at Kure Bech, \_ 
Marine exposure was selected {or the , 
because galvanic corrosion is most w,. 
in salt water. 

The metal couples used in these exp 
ments consisted of a low carbon steel pai 
bolted to a copper panel of the same «. 
The panels were sandblasted and thee 
painted according to five different ,, 
systems. 

Results show that when bare steel js ¢, 
pled with an equal area of bare copper i, 
corrosion rate of the steel is increased 
a factor of 2-3. If the steel is Painted anj 
the copper left bare, the corrosion rate ¢ 
the steel is decreased markedly, and iy 
decrease depends upon the individual cy. 
ing system used. If the steel is left hip 
and the copper is painted, the steel corrojg 
at its normal, or uncoupled rate, and ; 
both the steel and the copper panel » 
painted, corrosion is essentially prevent) 

It should be noted that although paix, 
ing only the anodic areas may result in » 
duction of the actively corroding area, ther 
may be a marked increase in the intensin 
of the attack, and thus this prevalent metho} 
should be regarded as unsafe practice 

In another series of experiments ty 
authors attempted to determine the com. 
sion rate of bare steel panels coupled » 
imperfectly coated copper cathodes. Th 
data presented show that painting only tk 
copper portion of steel-copper couples 
duced the corrosion rate of bare steel » 
that of uncoupled bare steel, when tk 
coating coverage was complete. 

However, when small areas of coppe 
were intentionally left bare, the corrosion 
rate of the coupled bare steel member wa, 
in the majority of cases, greater than th 
rate when bare copper was coupled to bar 
steel. This finding was unexpected and th 
phenomenon cannot be explained at prev 
ent. 

These experiments show that the sele 
tion of a satisfactory protective coating 
should not be made solely on the basis 
the paint system, and that the structur 
which is to be coated should also be cor 
sidered. It is the safest practice to pall 
both anodic and cathodic areas with & 
best alkali-resistant paints available. Ct 
should be exercised to avoid pinholes, ut 
coated edges, faying surfaces and similit 
foci for localized galvanic attack. (G. V. 
Seagren, G. H. Young & F. L. LaQu 
Corrosion, Vol. 2, June 1946, pp. 67-77.) 


Zinc-Base Die Material 


Condensed from “Modern Metals” 


One of the many new alloy developmett 
exploited to good advantage during the las 
few years was “Kirksite A” for variou 
types of tooling. The material is a 20 
base alloy produced by the National le 
Co. 

First thought of as a medium [or ti 
porary tooling, it has been found in mall 
cases that “Kirksite A” can be used fot 
permanent tooling. Almost every aif 
concern in the United States and Can@ 


MATERIALS & METHODS 
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Everyone knows that Stainless is ideal 
for handling nitric acid—but what 
about corrosion from these other chemi- 
cals? Eastern’s Technical Staff answer 
questions like these every day. Some- 


times the answer can be found only 


with test sheets; more often the expe- 


rience for which Eastern technical men 


have gained their esteem provides a 


rapid, accurate solution to the problem. 


And much basic, useful information 


on the corrosion resistance of all types 
of Stainless Steel is in the new com- 
plete catalog ‘Eastern Stainless Steel 
Sheets.’’ Write for your copy. JMLco E-FF1 


“Ask EASTERN for the Answer 
when STAINLESS is the Question” 
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Salt Water? 
Please suggest the type of Stainless 


Steel most Pirie for a new line of highest-quality marine trim, 
including rudders and stabilizer fins. 







~ Fruit Juices? 

Will E-S 18-8 Stainless (Type 302) can- 
ning reservoirs be ali right for handling citrous fruit juices includ- 
ing lemon juice? 


J Boiling Peroxide? 


or a new oxidation process using 
boiling concentrated hydrogen peroxide, would low-carbon E-S 
18-8 stainless (Type 304) containers be resistant? 


» % Storage? 
Our processing involves storing cold 


alkali-metal chloride solutions (aqueous) in E-S 18-8 stainless tanks. 
How can we inhibit pitting at the liguid line? 


Welded Vessels? 


What type of Stainless would you rec- 
ommend for large all- welded autoclaves to handle reactions of 
maleic anhydride in making synthetic resins? 





























































“Falls Brand” Alloys 


“FALLS” 
50-50 NICKEL COPPER 


Production costs are materially reduced through 
the use of “FALLS” 50-50 NICKEL COPPER. 
Savings include: 
. . . increased output 
. » - less fuel consumption 
.. » fewer rejected castings 
. . - longer life for crucibles and furnace 
linings. ° 
WRITE FOR COMPLETE DETAILS 











NIAGARA FALLS SMELTING 
& REFINING CORPORATION 


America’s Largest Producers of Alloys 


BUFFALO 17, NEW YORK 











autnoritative 


on reque ’ 


CERIUM STANDARD ALLOY 


yWitemmeh deli ielelic 
CERIUM MASTER ALLOYS 


vy 
yA . PPFER 
k F . 


OTHERS ON REQUEST 


c E RIUM META LS CORPORATION 


22 FITTH AVENUE * NEW YORK BO NLY 
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produced tools of this materia! There 
definite indications at this time to sy}. 
tiate the opinion that the al!..y will 
widely used in this and other lustries 

Tools made and used most succes, 
with “Kirksite A” are three-pie~- form 4, 
for mechanical presses, two-picce dies ;, 
press brakes, drop hammers, «camp, 7 
bulldozers, as well as one-pic: « dies fy 
stretch presses: In addition, si. h too); , 
blank and pierce dies, bending and jogeli 
dies, form blocks and holding fixtures, toe 
been found practical. There is just NO en} 
to its use in post-war tooling. 

One of the advantages of “Kirksite 
is the fact that it is'reclaimable. The tq 
produces the part, and when part obsols, 
cence occurs, the tool is melted down and 
recast as another tool. It is not intended 
as a panacea, a substitute for steel dies, | 
cannot be expected to replace steel in yj 
its established applications, but in many 
cases it has been found more economia 
use several “Kirksite” dies on one joj 
rather than one steel die. 

Some of the physical properties of “Ki: 
site A” as sand-cast are shown in the {i. 
lowing table: 


Compressive strength 60,000 to 75.00 
lb. per if 
Shear strength 34.000 i bet 


; $q. in 
Melting point 717 F 
Specific gravity + 


Weight per cu. in. 0.26 th 
* Elongation—sand- 

cast 3% (in 2 in 
Coefficient of linear 


expansion 15.4x10° per F 
Electrical conductivity 24.9% of CW 
Thermal conductivity 0.24 calories per 

cubic cm. per ( 
at 18 C 


* “Kirksite A” in rolled form bas an don 
gation of 30% im 2 in. 


Other tables given show comparative 
costs between ‘“Kirksite” and steel tooling, 
life data for “Kirksite A” for various op 
erational material, and physical properties 
of “Kirksite A” in comparison to cast iro 
and sand-cast aluminum. (W. W. Rich 
mond. Mod. Metals, Vol. 2, June 194 
pp. 21-22, 24.) 


Improved Chromium Plate 
Condensed from “Metal Industry’ 


The use of electrodeposited chromium 
for repair of worn machine parts of th 
protection of new components is now [: 
ognized as a valuable aid to the enginett 
A considerable volume of work is “flash 
chromiium-plated to thicknesses of {rom 
0.00003 in. to 0.00006 in. because heavie! 
deposits fail to adhere with the base met! 
sufficiently to resist the effects of “heavy 
duty” work. The method discussed by 
author is one in which two chromium batts 
are used to provide a composite depos! 
comprising a “soft” adherent and impact 
absorbing under-layer and a \ n 
wear-resisting outer layer. 

It is found that plain carbon stecis SY 
mit the most readily to chromium depo 
tion and provide the best base upon whit 
to obtain a useful degree of adhesion. Th 
are usually ready for deposition # 
picklings surface smoothing treatment 4 § 
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“<M onceERED A NEW 
eS fy 


soln WORLD 
Belg 


aa 1539, a small band of Spanish ex- 


orers beat their way westward 

te MB rough an unexplored wilderness. 
+ Beir progress and their very lives de- 
1 miqgmended upon the quality steel of their 
enddifmeapons ... steel from the forges of 
. kEoledo, known for centuries as the 
in dlinest. Two years later, in 1541, their 
mn) HB der, Fernando De Soto, became the 
va st white man to look upon the 
raters of the Mississippi. Quality steel 

Kick Mmad carried them to the center of a 
¢ fol reat new world. 










5,000 


). per 
q: in 


6 th 


TODAY AMERICA OBTAINS 
QUALITY STEEL FROM 


GRANITE CITY 


ince 1878, on the banks of this same Mississippi, the use of the most modern methods and equip- 


iun ptanite City Steel Company has made no com- _ment ... yet small enough to permit the most 
be tomise with quality in the production of steel scrupulous attention to the details of manufac- 


es ailor-made to meet American industry’s require- ture that mean quality steel. For steel of quality, 


on ets. Its facilities are large enough to permit _ specify Granite City. 


vier 
etal 
avy: 


Granite City Steel Co. 


GRANITE CITY, 
a Chicago + Cleveland « Houston 


ra 





ILLINOIS 


Milwaukee »« Memphis « Minn- 
nich indianapolis + Kansas City GRANITE CITY STEEL ecpolis « Moline + New York 
St. Lovis 


hes Los Angeles 

fret 

and Hi. 
ROLLED SHEETS » COLD ROLLED SHEETS « STRIPLATES - STAINLESS-CLAD « TIN PLATE « TERNE PLATE - ELECTRICAL SHEETS « TIN MILL PRODUCTS - PORCELAIN ENAMELING SHEETS 


DS RBEPTEMBER, 1946 691 























692 


A 2000 pound Pressure-Tight 
High Alloy Casting Assembly 





This is the “coil” of a special heat 
exchanger alloyed and cast for a 
large company in the Rocky Moun- 
tain area. It's an excellent example 
of the kind of work our metallurg- 
ists and foundrymen are capable 
of turning out. 


Centrifugally 
Cast Tubes 









Backed by 25 years’ experience with high alloy 
static castings and 16 years with centrifugal cast- 
ings, we are in a position to produce any chrome- 
iron or chrome-nickel casting within the range of 
our electric furnace capacity—namely, about 4 tons 
for any one pour. We have an X-ray testing ma- 
chine. We can finish the casting to any degree 


desired. 


Write us about your problem. Send us drawings 
for a quotation. 


rat DUPALU ¥ company 


Los Angeles & San Francis 


KILSBY & HARMON 





9-DU-1 








a very short acid electro-etc}, 
important influence upon the life of 
chromed component is the hardness 
wear resistance of the deposit, and 
structure of the chromium deposit jg 
pendent upon the nature and Control of 
electrolyte. 

It is a common practice when chrom; 
plating difficult base alloys in the sy, 
chromium bath to “strike” the week 
high current density at the commen ' 
of the deposition and subsequently a 
duce the current to normal. This prg 
produces a soft initial deposit upon yi 
is buile up the greater thickness of \, 
chromium. 

Such deposits have an unnecessary |, 
resistance to distortion and impac, , 
tially because the initial deposits ptod J 
by the strike are highly stressed, jy 
and crumbly at the cathode extrem, 
The composite deposit is greatly improy 
by selecting a softer under layer thy 
provide reasonable resistance to pressure 

The procedure is to plate the Compong 
first in the iron-chromium bath and 
a given period of deposition, rinse jy 
spray of hot fresh water to remove all tng 
of iron, and transfer quickly to plate ip 4 
standard hard bath. The claim made jp q 
spect to the two-bath composite depos | 
that a deposit consisting of soft and hy 
chromium using two separate baths y 4 
scribed has a greater resistance to the ely 
of impact, pressure and heavy wear thy 
that of a similar thickness of either quj 
ity existing by itself upon a similar by 
metal. (A. L. Peach. Metal Industry, \j 
69, July 5, 1946, pp. 14-16.) 


Nitriding Steels 


Condensed from “Iron and Steel’ 


Nitriding tests were made on various i 
quenched steels at temperatures from ‘I 
to 1100 F for 48 to 144 hr. with 30, 
and 60% dissociation. The maximum 
hardnesses found after nitriding 144 ™ 
with 30% dissociation were: 











| Vickers Nitriding 
Grade | Hardness* | Temp. 
1020 400 900 
1095 425 900 
9440 520 950 
8630 540 900 
8640 600 950 
4130 625 900 
Nitralloy G 880 950 
Modified 











*based on microhardness, corrected to © 
pensate for elastic recovery. 


The Nitralloy G Modified was marked 
superior in its response to nitriding ba! 
in respect to effective case hardness ™ 
case depth. The response of the othe 
grades to. nitriding was slight; theres 
nitriding these steels does not appeat wat 
ranted in most cases. 

There was a fair agreemet 
superficial Rockwell hardness readings ® 
the corrected microhardness values. 
latter was believed preferable sinc 
former may be affected by case depth, a 
hardness and microstructure. (P. A. Ha 
thorne. Iron and Steel, Vol. 19, Apt: 194 
pp. 142-146.) 
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... the “practically lead-free” zinc 





Even more important to the users of 
Special High Grade Zinc than the 
99.99% minimum Zn content is the 
analysis of what's left. Lead, the ele- 
ment which causes so much concern to 
die casters and other metallurgists, is 
almost non-existent. For all practical 
purposes, Bunker Hill Zinc may be said 


to be “‘lead-free’’. 





ST. JOSEPH LEAD COMPANY 
250 PARK AVENUE, NEW YORK 17 « ELdorado 5-3200 
Eastern Sales Agents 


SULLIVAN MINING COMPANY 
KELLOGG, IDAHO 
Sales Office for Pacific Coast 





“4 BUNKER HILL 99.99+% ZINC 


‘HOD 
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Design-uses of plastics, plywood, fi- 
bre, glass, rubber, ceramics, etc. as 
engineering materials. Com 
metal-nonmetal combinations. New 
forms of nonmetallic materials. 








Plastic Lenses 


Condensed from “Plastics” 


A British company announces its prep- 
aration to manufacture plastics spectacle 
lenses and two American companies reveal 
the extensive progress made in government 
sponsored wartime research in this field. 
Thus unfolds the story of the international 
race to mass produce the low-cost plastics 
spectacle lens. 

Prior to the war, nearly every optical 
manufacturer with research facilities was 
engaged in the investigation of plastics for 
this purpose. With the outbreak of hos- 
tilities most of this work was stopped, 
but due to the need for speeded-up produc- 
tion of military lenses, it was undertaken 
at Polaroid Corp. and California Institute 
of Technology. 

At Polaroid, 113 plastics were evaluated 
preliminarily; 17 were given extensive 
tests; and two finally proved suitable for 
precision optics. These are polystyrene and 
polycyclohexyl methacrylate (CHM), which 
belongs to the same family as Lucite. The 
former resembles flint glass optically; the 
latter crown. On a rating scale which has 
100 points for a plastic of perfect physical 
properties, CHM had 84 points and poly- 
styrene 79. 

Lenses made of these plastics are said 
to have optical qualities similar to glass 
lenses except that the, ultraviolet trans- 
mission is better, and the scatter of light 
falling normal to the surface is less. 

Low scratch resistance of the surface, 
common to all plastics tested, was remedied 
to a practical degree with polystyrene and 
CHM by a process developed at California 
Tech. A hard film is deposited on the 
surface by exposing the lenses alternately 
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to water vapor and a mixture of silicon 
tetrachloride and ozone. This makes the 
surface 20 to 30 times more resistant to 
wear. 

Special tests, including abrasion, wear, 
scratch and temperature affect, had to be 
developed for evaluation of deposition 
film. Over-hard films were found to craze. 
Quantitative hardness limits were estab- 
lished. 

Development of molding techniques at 
Polaroid entailed a refinement of earlier 
finding by the British that only casting 
without application of pressure would pro- 
duce good surfaced and low internal-stress 
lenses. The Polaroid method polymerizes 
the plastic in the mold and compensates 
accompanying shrinkage with thermal ex- 
pansion, produces lenses requiring no pol- 
ishing. 

Mold surfaces were made by optically 
grinding and polishing stainless steel blanks, 
or by electrodepositing metal on glass. 

Procedure for manufacturing glass spec- 
tacle lenses is outlined, and compared with 
that for plastics lenses. The plastics pro- 
cess is shown to have many advantages. 

It is admitted that ‘glass lenses are 
produced in thousands of combinations, 
whereas plastics lenses must be made in a 
few hundred, in order to keep mold in- 
vestments down to a practical level. Pro- 
ponents of plastics lenses argue that 400 
to 500 molds can supply from 60 to 70% 
of all prescriptions. To meet demand for 
today’s odd shapes of frames, lenses may 
have to be produced oversize, and ground 
to fit frames. (P. Pollack. Plastics, Vol. 4, 
May 1946, pp. 27-30, 110-113, 115.) 





Welding Thermoplastics 


Condensed from “Transactions Of the 
Institute of Weldin.” 
Welding of plastics is one of the » 
recent developments in the field of ig, 
materials. Only the thermoplastic , 
rials, those which repeatedly softeg 
heat and solidify again, can be 
Thermosetting materials cannot be 
Hot gas, high frequency, heated tool, 
tion and flame welding are the 
methods suitable. 

Materials which have been inyegip 
for their welding behavior are: cell, 
celluloid, methyl methacrylate, po 
(Nylon), polyisobutylene, polysty, 
polythene, polyvinyl chloride and its cops 
mers, polyvinylidene chloride and Thi, 
Particularly where larger structures 
concerned, welding is cheaper than m 
ing as the molds would be too expeng 
and the number of rejects unduly large 

Hot gas welding offers the widest so» 
It closely resembles the gas welding , fold ¢ 
metals except that a jet of heated py mmmre W' 
used instead of flame. Filler rods are yifimeithin 
the same as for metals, and technique a old " 
type of joints are much like with m acid 

Gases are usually nitrogen, carbon ee 
oxide or compressed air. The deposit bogmmec!O" 
on the surface only, in contrast to me nt fa 
meating the parent metal. The strength j the 
the gas welded joints does not reach tim equ 
of the base material, but 80% strength | 
perhaps average. 

High frequency welding is next in in 
portance. The currents passing through ij 
sulating materials induces energy log 
which appear in the form of heat. Tx 
currents are of the order of 5-100 meg 
cycles, and are applied by an electrode d 1 
tem forming the two plates of a condensimmather 

One method is seam welding by 2 pul 
of rotating rollers which form the de 
trodes of a high frequency circuit. Whil 
the material is traveling between the roller 
progressive spot welding occurs. Anothdl 
method entails heating of a larger area wiMofter 
der pressure. Plastic tobacco pouches a 
often thus welded. 

Various types of heated tools compn 
less important means of welding. ttt 
rollers are heated by electrical resistant 
but only fairly thin sheets can be thw 
welded. Electrical breakdown of the mat 
rial cannot occur, but the temperature mu 
be controlled so as not to overheat. 

A method originated in the Unit 
States for joining tubes consists of pits 
ing the pipe ends against a_nickel-platt 
hot plate until they become soft and pis 
tic; then withdrawn from the plate 
butted together under pressure. 

In friction welding the friction @ 
the necessary heat. For some materials ! 
ordinary lathe is sufficient, provided 1 
tailstock has a live center with a chu@ 
The two ends of the pipes are clamped itl 
one chuck each and the lathe set s0ij 
The tail stock chuck is held by haod® 
that it cannot rotate. - 

In exceptional cases a finely tipped 
can be used for welding thermopls 
such as polythene sheets, Much pili 
packaging during the war was welded # 
tight. (G. Haim & H. P. Zade. 1% 
Inst. Welding, Vol. 9, Apt. 1946, 
51-53.) 
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ENGINEERING DATA 
ON PLASTICS 


5. MOLDING PRESSURE 


old or molding pressure is the pres- 
ire which is exerted orr the material 
ithin the cavity and on the projected 
old “land” area. Pressure is often a 
eciding factor in the efficiency of pro- 
ction and hence one of the impor- 
ant factors in the initial engineering 
the mold design and in selection 
f equipment. 


Pressure Range 


enerally the pressure range for com- 
ression-molding the various types -of 
henolic materials is between 1,000 
d 10,000 psi. This, however, is a 
ather large range, especially when 
rompt and definite decision must be 
ade for each specific material. In 
any instances insufficient pressure is 
rovided, necessitating the use of 
tter materials or in some’ cases op- 
rating the mold with fewer cavities. 





MOLDING AREA 3.6 SQUARE INCHES 


GENERAL PURPOSE 
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Various methods for figuring the re- 
quired molding pressures are used. The 
basic figure consists of 2,000 to 3,000 
psi on the mold “land” projected area. 
This pressure is considered sufficient 
to mold an object using general-pur- 
pose material up to 1” in depth; 700 
Ibs. being added for each additional 
inch of depth. 

Example: If the available pressure for 
a particular mold is 2,500 psi, we would 
select the “soft” material which has 
closed in 13.5 seconds at 2,630 psi in 
the test cup mold as illustrated on the 
curve chart. Of course, this pressure 
is suitable for a part 2” deep. When 
molding a part 1” deep or less, the 
same material can be molded at 2,000 
psi or medium material can be used. 


Proposed A. S. T. M. Cup 
Method 


Using the proposed A. S. T. M. cup 
method to determine the plasticity or 
mobility of any type of phenolic ma- 
terial, it is possible to select definite 
molding pressures with a close degree 
of accuracy. 

It is recommended that the results ob- 
tained in testing the mobility be used 
as basic figures to determine the re- 
quired molding pressures. The depth 
of the mobility test cup is actually 





A 






PHENOLIC i 
RESINS 


2.200". However, since the test mold 
has a definite .006” clearance on the 
flash land, it requires less pressure at 
the closing point than a mold which 
has a positive land at the flash point. 
To compensate for this difference a 
2” depth is used for the basic figure. 
When molding anything from flat to 
1” in depth, subtract 700 Ibs., and over 
2” depth add 700 Ibs. of pressure for 
each additional inch of depth. 


Calculating Molding 
Pressures 


For calculating compression-molding 
pressures, let us assume that we are to 
mold an object of 8 sq. in. including the 
mold land area. The required pressure 
for the particular material is 3,000 psi. 
Hence, 8x3,000 = 24,000 Ibs. per cavity. 
The available press has a 12” diameter 
ram and a fluid pressure of 2,500 lbs. 
Hence, 12x12x.7854 = 113x2,500 = 
292,500-+24,000 Ibs.=12. Thus a 12- 
cavity mold should be constructed. 


Free Pamphlet 


We have prepared a detailed pam- 
phlet concerning molding presssures 
and how to determine them. We shall 
be glad to forward copies on request. 
Durez Plastics & Chemicals, Inc., 99 
Walck Rd., N. Tonawanda, N. Y. 





695 





Lignum-Vitae Beari: ys 
Condensed from 
“Western Machinery and Steel W oly: 














































Lignum-vitae, a wood, is used as , 
ing material in marine installations It; 
a product of the guaiacum tree, o, p, 
wood, and is found most abundantly in a 
West Indies. . 

The wood contains about 26% tei, \ 
weight, thus will not swell in wate | 
there is no change in dimensional sy;{,, 
Water is therefore used as the |yhy., 
and coolant for the working surfacs 4 
metal against wood. It has a specific pr 
ity of 1.33 and sinks in water. Owing 
the peculiar arrangement of its fibers, hay. 
ing almost no grain characteristics, jt vil 
not split. 

The finished steel face plate of the 
gudgeon, serving as a rudder carrie ; 
bushed vertically with a sleeve of ligns 
vitae to take the brass capped pintle whi 
locks the rudder to the gudgeon, 
lignum-vitae bushing, the stationary py 


| This Floor will THRIVE task af the ood. (Wea Sadia 


This floor is constructed of ATLAS acid- 
proof brick, joined with the correct 
ATLAS acid-proof cement. 








on what would KILL most others Steel World, Vol. 37, June 1946, p. 121) 
I’s an ATLAS floor, built to resist such fighting corrosives as : 
NITRIC, CHROMIC, HYDROFLUORIC, HYDROCHLORIC, Properties of Wood 


PHOSPHORIC and SULPHURIC .. . and just to prove it can 
really “Take the works”, it will be treated to rounds of the corrosive . 
salts of these acids—also CAUSTIC SODA, ORTHOSILICATES The dimethylolurea (D.M.U.) prow 


—Alkali Cleaning Solutions . . . and SOLVENTS—Trichlorethy- developed by S. S. Keeley & Sons, Many 
leno-Spleb Telnane. | yunk, Philadelphia, for treating wood ig 
proves the workability of various specie 


Condensed from “Mill and Factory’ 


ATLAS makes a full range of such cements, which withstand This discovery is important in indus 
every type of industrially used acid and alkali. Putting your acid- because wood is the easiest material 
proofing problem, no matter how tough, up to ATLAS, you benefit fabricate with simple tools and is our on 
by wide experience in chemical and metallurgical fields—experience self-renewing and continuously obtaindble 
which may save you costly errors. taw material. — 

The process imparts up to 30% great 
ALSO AVAILABLE FOR PLATERS ARE er epapasaAennlgy apap. Ce a 


tible to treatment by it, and greater ress 
tance to separation of fibers. Many sal 
tool parts, especially handles, are mé 
of D.M.U. treated woods. 

The process increases the dielectric prop 
erties of woods and reduces the static tt 

CONTACT A TECHNICALLY QUALI- otherwise is usually produced by rubbigg 
FIED ATLAS REPRESENTATIVE at the various metals together, and will not abr 
listed address nearest you. Write us here at the material being handled. Another © 


Mertztown for Technical Bulletin No. TV-11-A. sult is the increased resistance to chemical 
; Woods excellent for treatment are: jt 


low, Penderosa and white pine, dogwoo, 
boxwood, bass, poplar, maple, ash, Car 
dian spruce, elm, cottonwood, gus 
various maples, and beech. Often the sp 
wood is highly treatablé but not so & 
heartwood. 

D.M.U. treated woods have been testt 
favorably for holding power by repeat 
pin driving tests, and also have prov 
PRODUCTS COMPANY OF PENNA. superior over untreated woods in retaitifi 
MERTZTOWN PENNSYLVANIA this holding power for a much lon 

*ATLANTA 3, Ga., 452 Spring St., N. W. period of time. The process increases stif 


*CHICAGO 1, Ill., 333 No. Michigan Ave. PITTSBURGH 10, Pa., 4656 Old Boston Rd. : . ® “he treatmelt 
*DETROIT 2, Mich., 2970 W. Grond Blvd. SPRINGFIELD, Po., 355 Fairview Rd. ness with ‘shear resistance. The treat 


properly lined tanks of any size or capacity, to 
handle any solution. Small portable units like 
that pictured, are built at our plant and de- 
livered by rail or truck. 








NEW YORK 16, N. Y., 280 Madison Ave. ST. LOUIS 8, Mo., 4485 Olive St. can add color, but cannot subtract it, 10 
all colors are practical at the present tm 
THE ATLAS MINERAL PRODUCTS CO. OF TEXAS, INC. Box 252, Houston 1, Texas eed Wee ce Rashed pl 


*DALLAS 5, Tex., 3921 Purdue St. *KANSAS CITY 2, Kan., 1913 Tavromee Ave. ty aa - : OO 
*DENVER 2, Colo., 1921 Blake St. *LOS ANGELES 12, Cal., 172 S. Central Ave. is easy and profitable, the transver Ge 
*HONOLULU 2, Hawaii, U.S.A., Lewers & SAN FRANCISCO 3, Calif., 244 Ninth St. of the cohesion of woods being greatly * 
Cooke, Lid., P. O. Box 2930 “SEATTLE 4, Wash., E. N. Hallgren Co. creased, and some ordinary milling pi 
*Stock carried af these points 1252 First Avenue, S. | esses may be eliminated. D.MU. is 2 
oe caeeee: Ae 2 sya oa mapas gg ra my PQ beneficial as an inspection method 0! test 
i reet, Montreal, F. &. . : re, 

a. 1. Ae oe ing woods. (E. L. Cady. Mall & Fad 


Vol 39, July 1946, pp. 104-107.) 
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PLAN WITH 


MAKES BETTER PRODUCTS POSSIBLE 


Plymet! combines the light weight and rigidity of plywood with the strength 
of metal. Through 25 years of performance, Plymetl has proved its versatility, 
durability and dependability. When the War created shortages in supplies of 
critical metals Plymetl received still greater attention and wider use. Here 
Plymetl’s performance in military equipment proved its worth as a basic struc- 
tural material. For many applications Plymetl is unsurpassed. Where your 
product design requires a flat smooth surfaced material of unusual strength 
and light weight, a material unaffected by moisture and mold and fungi — 
and rust resistant SPECIFY PLYMETL. A few of the more widely used 
types of Plymetl are described and diagramed below. 


NZ PLYMETL VE and EVE—A ply- 
“¢* wood plaque with zinc-coated steel 
sheet permanently bonded by an exclusive Spon! Pym! bang 
Haskelite method to one (VE) or both 

faces (EVE). Plymetl panels may be ob- 

tained in a range of thicknesses and sizes > ames ate 
to suit specific applications. Simple wood- 

or-metal working tools will fabricate Ply- neds: <. <n WIE 
metil. 


Zine coated wee! 














SYA pLyMETL VU and UVU—A ply- saeco 

6 wood plaque with aluminum sheet 
permanently bonded to one (VU) or both 
faces (UVU). The great strength and 
light weight factors of plywood are com- 7 LATE 
bined with the light weight of aluminum. al an 
Plymetl may be formed to certain curva- 
tures. 











SY PLYMETL ESE—A panel of in- 
“&* sulating material with metal sheet 
permanently bonded to both faces (ESE). 

Other types of core materials may be 
used to make varied kinds of Plymetl. 
To these cores, metal faces of monel 
metal, porcelain enamel steel, and stain- 
less steel can be bonded. A core material 
may be faced with one type of metal on 
one side and another type on the other he acini 
side. On all Plymetl panels, the metal 
faces provide an ideal surface for finish- 
ing. 

















Write for complete data on Plymetl, and 
bulletin SC45 which gives details on 
other types of Haskelite materials. Let 
Plymetl and Haskelite engineers help you 
design and build products that look bet- 
ter . . . sell better . . . and perform 
better. 


HASKELITE 


Dept. MA-5, Grand Rapids 2, Michigan 
New York - Chicago - Detroit - St. Louis - Philadelphia - Cleveland - Los Angeles 





Canada: Railway & Power Engineering Corporation, Ltd. 
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Selection, applications and design of 
parts made by various fabricating 

s or made of special materials. 
Properties and uses of finishes and 
coatings. Design and materials for 
specific products or fields. General en- 
gineering design trends or principles. 














Nonferrous Forgings 


Condensed from “Steel” 


Nonferrous forgings are metal shapes 
produced by hot-working nonferrous metals, 
subjecting them to hammering and press- 
ing operations. The result is the compreés- 
sion, bending, twisting, indenting or ex- 
trusion of the metal so that various parts 
of the forging are formed by pressure 
against dies. 

Die-pressed or hammered forgings offer 
an efficient and economical method of pro- 
ducing irregularly-shaped metal parts from 
slugs cut from ingots or rods. The result 
is a strong, dense metal part, closely re- 
sembling the shape and size of the finished 
product, thus insuring a minimum of scrap 
metal in the final processing operations. 

Such forgings are furnished either 
cleaned, trimmed, pierced, sized or other- 
wise freed of excess material, and are ready 
for machining or further finishing or fab- 
ricating operations. They also may be fur- 
nished as the finished or machined forging 
completely processed, ready for use by it- 
self, such as a nut or tee, or as an item 
for incorporation in an assembly, such as 
automobile hardware. 

Grain structure is uniform and dense, 
eliminating the disadvantages of porosity 
and rough surface finish. Nonferrous forg- 
ings also have high tensile strengths—the 
great strength and nonporosity often per- 
mitting reduction in weight of parts previ- 
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ously produced by other processes. Fewer 
finishing operations are necessary, and the 
required machining may be performed with 
maximum speed, due to free-turning quali- 
ties of nonferrous alloys and the absence 
of grit and chilled areas. However, higher 
strength naturally sacrifices machinability. 

Many nonferrous alloys are readily adapt- 
able to the forging process and have been 
successfully used. Among them are forg- 
ing brass, naval brass, nickel silver, muntz 
metal, leaded brasses, aluminum bronze, 
manganese bronze, silicon bronze and sev- 
eral aluminum alloys. 

At present, nonferrous forgings are used 
extensively by manufacturers in many di- 
versified fields, such as hardware, automo- 
tive, electrical, chemical, plumbing and 
welding. Brass forgings have an important 
part in acetylene burners, air compressors, 
blow torches, beer dispensing equipment, 
compressed gas valves and fittings, fire ex- 
tinguishers, pressure gages, gas and water 
meters, oil burner equipment, turnbuckles 
and parking meters. 

Nonferrous forgings can be provided in 
a great variety of finishes, including pickled, 
bright-dipped, satin, bright polished, lead 
dipped and plated with nickel, chromium, 
copper or other metals. (Carl H. Pihl. 
Steel, Vol. 118, June 17, 1946, pp. 130- 
132, 134.) 












































Aluminum Rotors for Electric Moy 
Condensed from “Revue de !’ Alumiy: 


Although various problems Were 
countered in the substitution of alum, 
for copper in the rotors of asynchroy, 
motors, it was found that aluminum ,, 
pares very favorably with other », 
conductors if used properly. For lew: 
purposes, 99.5% aluminum is no 
applied. For equal electrical condyci: 
it will have a section 1.6 times ag loro 
that of copper but the weight is only g 
half. Aluminum must be protected & 
galvanic corrosion if it is in contac 
electronegative metals. 

The problems posed by the joining 
the conductors and their connection 4 
terminal board were the most difficult gs 
the poorly conducting aluminum oxide § 
must be eliminated. The increase jp 
size of the rotor coil will decreag 4 
power, but frequently this may be 
mized by improved ventilation and hep 
utilization of the slots. A major advany 
of aluminum in the manufacture of toy 
casings is the ease of production. 

Cast rotors with casings are not new by 
are more economical and more robust thy 
brazed or welded copper. An intimate cy 
tact between the bars and the sheets js » 
sured by the good filling out of the six 
while cooling is appreciably improved 
These rotors may be cast in a cast iron 
steel mold. This method is simple a 
gives good, uniform results with the prox 
technique. 

For very small rotors, 99.5% alumiow 
has insufficient castability; therefore, | 1 
2% silicon is added, which reduces te 
conductivity slightly. The use of seconday 
metal may lead to defects in manufa 
or service as well as to irregularities i 
conductivity. 

The mold and sheets should be pre 
heated to 750 to 840 F. Better filling ¢ 
the mold results from the use of a mod 
placed on a table vibrating at 3000 or |' 
cycles per min. with a very weak amplituct 

Centrifugal casting has various adv 
tages, such as good appearance of the prod 
uct, uniformity,’ and excellent penetra 
even if the fluidity of the molten meu 
not very good. The casting temper 
can be decreased and a lower preheatit 
temperature of 300 to 390 F may be ux 
This method is just as rapid as the is 
two, particularly with intermediate sm 
rotors. + 

Die casting gives perfect filling of ™ 
mold, is very rapid, and requires no P 
heating. However, the installation is cost 

In welded rotors with deep slots, 
preferable to braze using a low melill 
point aluminum alloy with 10% silicon # 
this is more rapid than autogencous we 
ing. A. special, corrosive flux is requim 
which must be removed by thorough w™ 
ing. 

There are no fundamental differences” 
the use of aluminum wire for windl 
rotor coils from the standard practice wl 
copper except that the aluminum wit 
not as strong. The only real problem 4 
joining the conductors. The safest mee 
is by welding. 

Electric welding with no flux is best 
oxyacetylene or acetylene-air with # ™ 


MATERIALS & METHOD 
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In designing die castings, inserts should be employed 
whenever their use achieves results that cannot be rea- 
lized at equal cost by other means. Cast inserts are 
generally used for one or more of the following reasons: 


lL. To provide greater strength, hardness, wear resistance 
or ductility, or to obtain magnetic and other special 
properties not possessed by the casting itself. 

2. To provide passages or shapes of parts which cannot be 
cored or cast, or which can be obtained more economi- 
cally with inserts. 

3. To effect an assembly not so readily or so inexpensively 
achieved by other means. 

Seven assorted inserts are accurately positioned and 
bound together in the zinc alloy die cast generator 
housing shown here. The inserts (grouped above) are: 
four soft steel pole pieces; an aluminum-nickel-cobalt 
magnetic disk; a bronze bushing; a steel support stud. 


The New Jersey Zinc Company, 160 Front Street, New York 7, N. Y. 
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ere developed, and most Die 















INSERTS 


In the casting operation a zinc alloy housing is formed 
around the seven inserts, bringing them into a one- 
piece unit. 

Non-metallic inserts which frequently have been 
cast in die castings include cloth, fibre, compressed 
paper, porcelain, wood and plastics. 

There are a number of points to be considered by the 
designer when inserts are to be employed in die cast- 
ings. These and other design considerations are covered 
in our booklet “Designing for Die Casting.” To insure 
that you will get the most from your die casting dollar, 
ask us—or your die casting source—for a free copy of 
this booklet. 













DIE CASTING 
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and engineering know-how looks 
for new worlds to conquer in developing 
industrial PRECISION CASTING EQUIPMENT 


Always in the development of a new technique 
an endless chain of problems has to be met and 
solved. Out of the experience gained from 40 
years in improving facilities and developing 
specialized equipment and materials for the 
making of precision castings for the dental pro- 
fession Kerr engineers made tremendous strides — 
improving qualities and attaining amazing accu- 
racies on the most difficult and intricate of castings. 


All units of Kerr specialized equipment and mate- 
rials developed for the precision casting industry 
embody the results of the highest engineering 
research — designed to make avaiiable the al- . ) | 
| 
| 





most limitless advantages of precision casting 
methods. 


KERR RESEARCH ENGINEERS 
ARE READY TO GO TO WORK FOR YOU 


We will engineer a complete set-up for the efficient produc- 
tion of precision castings to meet your individual requirements. 
The entire facilities and experience of the Kerr Engineering 
and Research Laboratories are at your service. Feel free to 
call on us. 








Write for booklets “Fundamentals of Industrial Precision 
Casting” and “Equipment and Materials.” 
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is more practical. Aluminum May be i; 
to copper by welding at a low Re hay, 
but a very corrosive flux is required , 
use of an intermediate connector of al 
num partly covered with copper js be " 
able. (J. Piget. Revue de ! Aluminin 
Vol. 120, Mar. 1946, pp. 89-93.) 


Design of Powder Metallurgy Par, 


Condensed from 
“Western Machinery and Steel Wop 


Powder metallurgy fabrication js 
within definable limits, and ir involves ; 
group of design principles that are Peculig 
to it and which must be applied, SOMeting 
laboriously, to each product under ¢, 
sideration before the latter can be ¢ 
as suitable or unsuitable for this metho; 
of manufacture. 

Powder metallurgy has been successhj 
because it has provided one or more of ty 
following: Structures or alloys not possi 
by other methods, built-in lubrication {, 
moving parts, controlled density Variations 
more economical fabrication, shorter to. 
ing time, higher production rates, surfas 
of greater wear resistance, maintenance of 
closer tolerances, elimination of seconday 
operation and set-up, or the use of a |e 
critical material. The designer wants 
know under what circumstances and ; 
many cases to what extent these improv. 
ments become available. 

Powder metallurgy is able to provi& 
ceftain structures or “alloys” that are ny 
possible by methods involving melting 
It is often a more economical fabricatisg 
method than others that could be used for 
a particular part. 

As compared with other processes, pov. 
der metallurgy involves relatively high tav. 
material cost. Tool costs for powder open: 
tions are among the highest. Production 
rates are highest with die casting and screv 
machine fabrications; they are high—oc:- 
sionally very impressive indeed—with pov- 
der metallurgy. Tolerances are widest with 
sand casting. Powder metallurgy is th 
next closest, with tolerances of +0.0005 in 

Powder metallurgy is primarily a proces 
for large volumes. Most operations proceed 
at the rate of 200 to 1600 parts per hr, 
depending on the shape and size of the 
part. It is necessary to have minimum russ 
of from 500 to 50,000. The smaller th 
piece, the more volume is required © 
justify die costs and setting-up charges. 

There is a certain amount of die wei 
caused by friction in ejecting the part from 
the die. A die averages about 50,000 pieces 
Shapes that require a die of weak desigo 
should’ be avoided, for molding dies at 
subject to pressures up to 100,000 psi 

Avoid holes at right angles to the centt 
hole or to the axis of pressing. It is 1 
portant that all molded parts be made wit 
edges beveled and that internal angles hav 
fillets. Metal powders have almost 1 
lateral flow in the mold. 

Almost every level on the finished proc 
uct requires its own separate die inset! 
which moves or floats in relation wi! 
other die parts. Sharp corners should 
avoided at the junction of flange and th 
body. (M. T. Victor & C. A. sof 
Western Machinery & Steel World, Vo 
37, May 1946, pp. 248-251.) 
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‘1% TO 150 Ibs. 


Makers of 40 different types of products use 
the Bethlehem forgings shown in the photo- 
graph. Yet this group of forgings is only a 
small part of the endless variety that Beth- 
lehem manufactures each year. 

Our forging equipment includes board 
and steam drop hammers, 1000 lb. to 8000 
lb.; upsetters, 7 in. to 9 in.; and a full com- 
plement of mechanical presses. In addition, 
modern, extensive heat-treating facilities 
enable us to treat any order to your speci- 
fications. 

But equipment is not the whole story. 
Quality in Bethlehem forgings begins with 
the steel, which is subject to rigid metallur- 
gical controls at every point of its manu- 
facture. Similar control and supervision 
continue, of course, throughout each step in 
the making of the forgings themselves. 

A Bethlehem forging is Bethlehem all the 
way. This implies an undivided responsi- 
bility—one company backing the entire 
range of operations. You will be pleased 
with what you get in your Bethlehem forg- 
ings. Call or write for further details. 


Bethlehem Steel Company, Bethlehem, Pa. 


On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Steel Corporation 
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ASTING 
WELTING and 


Melting, alloying, refining and casting 
methods, furnaces and machines. Iron 
and steel making, nonferrous metal 
production, foundry practice and 














equipment. Die casting, permanent 
nate casting, precision casting, etc. 
Refractories, control equipment and 
accessories for melting furnaces. 








British Iron and Steel Economy 
Condensed from “Metallurgia” 


The president of the Iron and Steel 
Federation in May, 1945 asked all mem- 
bers of the British steel industry to submit 
a plan, to be carried out over five years, 
involving major improvements and new 
construction to put the industry on an 
efficient operating basis. The resulting re- 
port was issued as a White Paper. 

A similar plan was launched in 1932, 
and considerable progress was made until 
the war interrupted it. The objects of the 
new plan are to make good the further 
modernization and development which 
would have taken place during the last six 
years had there been no war; to enlarge 
steel-making facilities to bring them into 
close relationship with the higher demand 
for steel products that may be anticipated; 
and to ensure the most effective use of 
plants by concentrating production into 
efficient units of appropriate size, with due 
regard to availability of raw materials and 
the distance to markets. 

At the rate of progress achieved in five 
years before the war, the whole industry 
would have been renewed by 1950. Peak 
domestic steel consumption was 11,600,000 
tons in 1937, and it is estimated that home 
consumption in 1950-55 will be 13,000,000 
ingot tons per annum, and export demand 
should be 3,000,000 tons. Hence, an effi- 
cient capacity of 16,000,000 tons should be 
aimed at, with import provisions for 500,- 
000 tons when demand is normal. 

Scrap would form 55% of raw mate- 
rial, with import of not more than 250,000 
tons. Hematite and basic pig iron require- 
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ments would be 8,500,000 tons, of which 
7,500,000 tons would be imported ore and 
the balance home ore, excluding the ton- 
nage for foundry pig iron. Blast furnace 
capacity should be increased from the pres- 
ent 7,500,000 tons to 9,000,000 tons. 

Actually, 3,000,000 tons of present pig 
iron capacity and 4,000,000 tons of steel 
ingot capacity would be scrapped while 
new pig iron capacity of 4,750,000 tons 
and new steel capacity of 6,000,000 tons 
were being built. New building during the 
five-year period should proceed at 40% 
of the industry's capacity. 

The main increase in ingot capacity 
would be based directly on home ores, the 
total increase in the Lincolnshire and 
Northamptonshire areas being 60%. No- 
table items of increase are: Five new con- 
tinuous mills with an average capacity of 
450,000 tons each; the erection of a broad 
flange beam mill on the North East Coast 
of 350,000 tons capacity and a new con- 
tinuous strip mill in South Wales for 
sheets and tin plates, with a hot strip 
capacity of 1,000,000 tons a year. 

Under the new plan there will be only 
five steel works, of which two would be 
devoted solely to plates, one to billets and 
light and medium sections rolled from 
billets, one to rolling heavy structural 
materials, and one to rails and special bil- 
lets. Plants producing heavy rails would 
be reduced from eleven to four. 

It is proposed that part of the rolling 
mill equipment be obtained from the 
United States at a cost of £9,000,000. 





The present position is very <Titical 
unsatisfactory because the question of 

lic ownership of the steel industry t. 
it essential that there should be dig: 
between the Government and the jp, 

before the industry can determine how 
it is practicable to proceed with the 
posed plan. (Metallurgia, Vo!|. 34, 

1946, pp. 1-3.) 


Control of Molding and Core Say 


Condensed from “Fonderie” 


The control of mold sands may 
limited, in the author's opinion, to freqy. 
tests of the moisture content, green stre 
and grain size. The measurement of perms, 
ability seems to be less important, Ty 
moisture content is determined as the 
in weight after drying at 220 to 239 5 
It is recommended that the sand be as dy 
as possible. 

The determination of the green strength 
permits economy by avoiding excessive ,j. 
ditious of new sand. The moisture conte, 
of the specimens must be controlled, 4; ; 
has a great influence on the green strengh, 
The fineness of the sand is determined \ 
a method similar to the A.F.A. standari 
The A.F.A. Grain Fineness Number js ¢p. 
sidered to be a useful index of the resuly 

Since the permeability increases with th 
size of the grains, the examination of th 
fineness gives an indication of the perme. 
ability of the sand while eliminating vari:. 
tions due to differences in moisture ani 
clay content. Tests show that it is easy t 
decrease the permeability of the sand ly 
small additions of fine sand but hard » 
increase the permeability since large addi- 
tions of coarser sand are required. 

The shape of the grains has no effect on 
the permeability unless the sand grain 
are very small. Clay modifies the perme 
ability of the base sand, as increasing addi- 
tions first absorb the fine grains with a 
increase in permeability, then the clay fils 
the interstices and decreases the perme 
ability. Since permeability is often the 
answer to foundry defects, permeability 
measurements continue to be made but 
more importance is attached to the finenes 
tests which are made every day on each 
category of sand. 

The tests recommended for core sands 
are a determination of the fineness of the 
siliceous sands as received and, most im- 
portant, the measurement of the baked 
strength of specimens made under the same 
conditions as the actual cores. Where green 
strength is a factor, this \property may be 
easily determined by tests similar to thos 
used of mold sands. 

The baked strength as measured by 4 
transverse test is very useful in comparing 
the influence of various additions 40 
methods of producing cores. At first the 
baked strength increases with the size °! 
the grains, then passes through a maximum 
and decreases rapidly for large grain sizé. 
It decreases rapidly with increasing amount 
of clay or dust. 

Baked strength tests have also been used 
to determine the optimum foundry baking 
conditions. The maximum strength Ww 
found with a baking temperature of 465 F. 

(R. Guerin. Fonderie, Feb. 1946, pp. 43 
52.) 
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those Spicet : soa : ae 
oe WHAT IT IS AND WHAT IT WILL DO : ae 
“and ce New, informative book gives complete, concise information on all 
tthe oes gs phases of airless blast cleaning. Included are descriptions of the 
ze ol ee Wheelabrator principle and mechanism; types and sizes of machines; 
mut , list of typical products Wheelabrated; types of finishes; performance 

26s data: and a wealth of other information. Ask for Catalog No. 74 
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VERSA IC FURNACE 





Speeds experimental, 
pilot, and production 
meiting 


as 








The Detroit Rocking Electric Furnace, type GMS or GMSR 30 Kw., is a 
practical investment in profitable foundry operation, because it is small 
enough for pilot and experimental work, yet fast enough for production 
melting. Designed with a crock and cover lining which is available in 
alundum, magnesite, sillimanite, zircon, or carbon, either model is 
adapted for testing a large variety of alloys. Spare interchangeable 
shells may be used if different refractory linings are necessary. In produc- 
tion work, the relatively small cold 
charge capacity of 60 Ibs. and molten 
iron capacity of 100 Ibs. are more than 
compensated for by the speed and 
positive control which enables these 
furnaces to melt 600 Ibs. of iron or 800 
Ibs. of brass in one 8-hour day. Send 
us facts about your melting require- 
ments. Our engineers will show you 
how the type GMS, GMSR, or other 
type Detroit Rocking Electric Furnaces 
can increase quality production in your 
foundry at low cost. 





Side and front views of Type GMS Detroit 
Electric Furnace showing simplicity of power 
connections, improved manual electrade control, 
transformer primary knife switch, and meter 
panel. 





DETROIT ELECTRIC FURNACE DIVISION 
’ M | 


Ceti MAN ELECTRIC COMPANY “8 BAY CT iI\CHIGAN 
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Carbon Products in Stee! Plans 


Condensed from 
“Iron and Steel Engine or” 































































The outstanding properties o/ Carbon 
a lining for blast furnaces are thy ;. 
not affected by the slag, no mete | 
corrosive; it is not attacked by moltey ;, 
its shape is not affected by any temper. 
attained in blast furnace operation: an; 
strength at the furnace’s highest tem, 
ture is equal to that at room tempers, 

Various forms of carbon have heey 
for a number of years for lining Euro, 
blast furnaces, but it is only recently ,, 
it is being used in American furnace ; 
seems desirable to use blocks in the lar 
possible sizes that can be handled easiy 
thus reducing greatly the number of joing 

The blocks used in the wall are Machine 
so that butting faces, made up with carhg, 
aceous cement, are tightly joined, The 
joints between hearth blocks should be IY 
—2 in. wide and filled with carbon Past, 
of the same material as in the blodg 
tamped in hot. 

Virtually all electric ferroalloy furnacg, 
are lined with carbon because it is the only 
material that will adequately resist 4, 
corrosive slags at the high temperatu 
required. 

Carbon bricks have been used for » 
years for lining pickling tanks, and 
present virtually all stainless steel pickligy 
is done in carbon-lined tanks. Carb 
Raschig rings are used in scrubbing tower 
for removing carbon dioxide in connectn 
with a bright-annealing process. Carbo 
tubes, beams, and blocks have been and ar 
used in Cottrell precipitators for recovering 
phosphoric and sulphuric acids, 

“Karbate” materials (impervious carbo 
and graphite) have high heat transfer prop 
erties and are used for several types o 
heat exchangers in the iron and steel, 
chemical and plating industries. They t 
sist all but the most highly oxidizing 
chemicals, and are particularly useful io 
handling phosphoric, hydrochloric, hydro 
fluoric, and sulphuric acids and mixtures 
of nitric and hydrofluoric acids. Fittings, 
valves, pumps, condensers, and other com: 
plicated forms of equipment made from 
these materials are available. 

Mold plugs of carbon may be used 
several times, if handled properly. Ho 
metal does not stick to carbon, danger of 
inclusions is eliminated, and there is 
pick-up of carbon, even with low carbon 
heats. 

Carbon cast in iron stools, or as the 
complete stool, has been tried in pouring 
ingots. Results indicate that graphite ‘s 
more economical. Increased number 0 
pours is obtained and stickers are elim | 
nated. 

Experiments have indicated that by 
properly placing a carbon rod in a blind 
riser, a number of advantages result 
Graphite molds are used im casting © 
both ferrous and nonferrous metals, 20 
for over-metal casting. A comparatively 
new use of carbon is for lining run-out 
troughs and runners of blast furnace: 

Many other uses of carbon and graphit 
of less general application have beet 
developed. (Frank Vosburgh. Iron & 5ieé! 
Engr., Vol. 23, May 1946, pp. 60-67.) 
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DO YOU NEED 


A BETTER 





REFRACTORY? 





@ Corhart Electrocast Refractories are high-duty products which 
have proved considerably more effective than conventional 
refractories in certain severe services. If your processes contain 
spots where a better refractory is needed to provide a balanced 


he oak unit and to reduce frequent repairs, Corhart Electrocast Refrac- 
ist the tories may possibly be the answer. The brief outline below 
— gives some of the basic facts about our products. Further infor- 
for 2 mation will be gladly sent you on request. 

and at 

owe Corhart Refractories ‘Company, Incorporated, Sixteenth and Lee 
bal Streets, Louisville 10, Kentucky. 

wy ““Corhart”’ is a trade-mark, registered U. S. Patent Office. 

Carbon 


ind are 
ering 


PRODUCTS 


he Corhart Refractories Company manufactures 
ectrocast refractory products exclusively, Cor- 
Electrocast Refractories are made by melting 
lected and controlled refractory batches in 
ric furnaces and casting the molten material 
to molds of any desired reasonable shape and 
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ey & e. After careful annealing, the castings are 
dizing ady for shipment and use. ; 
ful in ree Electrocast refractory compositions are 
why pmmercially available: 
hyd? MPORHART STANDARD ELECTROCAST — a 
xtures igh-duty corundum-mullite refractory, with 
ttings asity of approximately 183 Ibs. per cu. ft. 
nn MERORHART ZED ELECTROCAST—a high-duty 
com: rconia-bearing aluminous refractory, with 
from sity of approximately 205 Ibs. per cu. ft. 
ORHART ZAC ELECTROCAST—a_high-duty 
sed conia-bearing refractory, with density of ap- 
uU oximately 220 Ibs. per cu. ft. 
r Dther Corhart products are: 
d 
= ORHART STANDARD MORTAR—a high- 
is 00 perature, high-quality, hot-setting cement 
arbon br laying up Electrocast, or any aluminous 
fractory. 
ORHART ACID-PROOF MORTARS — rapid 
s the old-setting, vitrifiable mortats of minimum 
uring DOrOsities. 
. i ORHART ELECTROPLAST—a high-tempera- 
e ¢, hot-setting plastic refractory, desi for 
r of amming and made from crushed Standard 
Lin lectrocast. 
limi- 
> by 
blind 
sult 
zy Ol 
and 
ively 
1-out 
shite 
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Steel 
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CORHART ELECTROCAST GRAINS—Stand- 
ard Electrocast crushed to desired screen size 
for use in many commercial applications. 


PROPERTIES 


Due to the unique method of manufacture, the 
Electrocast refractory line ses a combina- 
tion of characteristics found in no other type of 
refractory. Data on properties will be sent on 
request. 

POROSITY: Apparent porosity of Corhart Elec- 
trocast refractories is practically nil—therefore 
virtually no absorption. 

HARDNESS: 8-9 on Mineralogist’s scale. 


THERMAL EXPANSION: Less than «that of 
conventional fire clay bodies. 

THERMAL CONDUCTIVITY: Approximately 
one and one-half times that of conventional fire 
clay bodies. 

REFRACTORINESS: Many industrial furnaces 
continuously operated up to approximately 
30000 F, are built of Corhart Electrocast. 
CORROSION: Because of exceedingly low por- 
osity and inherent chemical compositions, f- 
hart Electrocast refractories are resistant to 
corrosive action of slag, ashes, glasses, and 
most non-ferrous metals as well as to disinte- 
gtating effects of molten electrolyte salt mixtures. 


APPLICATIONS 


Most heat and metallurgical processes present 
spots where better refractory materi are 





needed, in order to provide a balanced unit and 
reduce the expense of repeated repairs. It is 
for such places of severe service that we invite 
inquiries regarding Corhart Products as_ the 
fortifying agents to provide the balance desired. 
A partial list of applications in which Corhart 
Electrocast products have proved economical 
follows: 

GLASS TANKS—entire installation of sidewalls 
and bottoms, breastwalls, ports, tuckstones, 
throats, forehearths, bushings, bowls, recuper- 
ators, etc., for lime, lead, opal and borosilicate 
glasses. 

ELECTROLYTIC CELLS—for roduction of 
magnesium and other light metals. 


SODIUM SILICATE FURNACES — sidewalls, 
bottoms, and breastwalls. 


PIGMENT FRIT FURNACES—complete tank 
furnaces for melting metallic oxides and 
for pigment manufacture. 


ALKALI AND BORAX MELTING FURNACES 
—fast-eroding portions. 
BOILERS—clinker line. 
RECUPERATORS—tile, headers, separators, etc. 
ENAMEL FRIT FURNACES—flux walls and 


bottoms. 

BRASS FURNACES—metal contact linings. 
ELECTRIC FURNACES—linings for rocking 
type and rammed linings of Electroplast for this 
and other types. 


NON-FERROUS SMELTERS—complete hearths, 
sidewalls, and tapping hole portions. 


CORHART ELECTROCAST 
REFRACTORIES 
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Heat Treatment of Aluminum 


Condensed from “Light Metals” 


Some years ago it was noticed that dura- 
lumin gradually becomes harder and strong- 
er during storage. It has been found since 
that four of its elements—aluminum, cop- 
per, magnesium and silicon—have some 
effect on the heat treatability of the alloy. 
It is agreed that the improvement is due 
to the presence of some element which is 
more soluble in aluminum at high tem- 
peratures than at low. 

If an aluminum alloy containing 444% 
copper is cooled slowly from a liquid state 
it will begin to solidify at 1155 F and will 
become completely solid at 1065 F. When 
970 F is reached, the CuAle becomes 
precipitated. As the alloy cools further, the 
solubility of the CuAl. continues to de- 
crease so that at ordinary temperatures only 
about 14% copper (as CuAls) remains in 
solution. 

Suppose we now reheat this alloy. The 
copper-aluminum will start to dissolve again 
and finally reach a saturated solution. 
Theoretically, 5.4% copper is the point of 
complete saturation, though this is impos- 
sible to attain. In the foundry, then, we 
have obtained a saturated solid solution. 
If we quench as quickly as possible in 
cold water, the CuAl, will remain in solu- 
tion and we shall obtain a supersaturated 
solution. 

By heating at, say, 300 F the CuAl) is 
precipitated in fine particles until equili- 
brium is reached. Full precipitation could 
be reached more quickly by reheating, say, 
to 930 F and cooling slowly, but actually 
the structure obtained by the slower and 
less drastic method gives superior physical 
properties if the treatment is stopped before 
full equilibrium is attained. It is this 
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kind of heat treatment which is used with 
aluminum alloys. 

Magnesium silicide aids an aluminum 
alloy to be heat treated because of its 
higher solubility at high temperatures than 
at low. Accurate thermostatic control is 
necessary, the allowable range being 68 F. 
It is considered that the atoms in the super- 
saturated alloy lie in orderly rows and are 
evenly distributed through its mass. 

It is easy to slide one layer against 
another and cause distortion, the metal 
thus having good ductility. When the 
precipitation of CuAl» starts, these mole- 
cules are deposited at random in a disor- 
derly fashion, and, having a keying effect, 
prevent the relative movement of adjoining 
layers, making for decrease in ductility and 
increase in hardness. 

Later the molecules of CuAl. coagulate 
and form fewer but larger particles. Hence, 
the metal becomes softer again and its 
physical properties begin to deteriorate. 
Thus, the temperature range and heating 
time are as important for the low tempera- 
ture precipitation treatment as for the high 
temperature solution treatment—perhaps 
more important. 

Some alloys are given good qualities by 
the high temperature treatment, being 
stronger than as cast and having good 
ductility. When maximum strength is re- 
quired, the double heat treatment should 
be given. 

The time taken to get the castings from 
the furnace to the quenching tank must be 
as short as possible to retain as much 
CuAl, or Mge Si as possible in solution. 
(E. Carrington. Light Metals, Vol. 9, July 
1946, pp. 336-342.) 



























































Friction Sawing 
Condensed from “Iron and Stee! Engine 


Friction sawing employs the heat 
friction in a useful manner. The ey...‘ 
high speed of the saw blade Benerates «. 
siderable heat at the point where the \y 
contacts the material being cut. 7 

When the contact surface of the , 
being cut reaches a temperature at wr 
it is red hot, its tensile strength tej,,. 
very rapidly and continues to reduce : 
the surface gets hotter. The blade «i, 
is relatively colder and relatively much 
stronger than the weakened contact 
At a point above red heat, but below i, 
melting point, the weakened surface ca 
no longer resist the sliding action of the 
blade, and it is wiped away. 

The removal of the initial surface a. 
poses succeeding surfaces immediately \, 
low to the same action and the proce 
continues until the section is severed, pro. 
vided the blade and driving mechanisy 
have sufficient capacity to continue ty 
generation of heat at a rate faster than ; 
can be absorbed by the maximum length 
surface contact of the material. 

The temperature required on the contac 
surface of steel to insure that remoy 
takes place by friction sawing is necessari) 
at, or above a red heat, but considerah) 
lower than the various melting tempen. 
tures of steels, and is probably betwee 
1600 and 1800 F. 

The power required to maintain uniform 
velocity increases directly with the pressure. 
The blade and driving mechanism mus 
have sufficient capacity to maintain uniform 
velocity while sufficient pressure is being 
exerted to generate more heat than can 
be absorbed by the maximum length of 
surface contact to be encountered. 

A smooth-rimmed blade will permit 
continuous production cutting of all high 
carbon steels (0.60 to 1.00% carbon). After 
many cuts the outside corners of the rim 
will lose their original sharpness and shov 
a slight rounding. The amount of burr on 
the severed faces of the steel shows a slight 
increase. Redressing brings back the sharp 
corners of the rim. 

By indenting the rim in a manner te 
sembling gear teeth of about 14-in. pitch, 
the blade readily severs any low carbon 
steels with less energy than that required 
by a smooth rim blade when cutting high 
carbon steels of the same section, area and 
shape. With proper cooling, the rim wil 
not adhere to foreign metal, and the resul- 
tant small burr, and energy required, remain 
nearly constant through several hours 0! 
cutting. . 

The burr developed by 8 to 10 hours 
cutting may require redressing of the blade. 
Redressing may be accomplished by te 
same hobbing operation used for forming 
the teeth in the original blade. 

The efficiency of friction sawing increas 
with rim velocity for speeds up to 20,000 
ft. per min., but remains nearly const! 
for higher values. The steel used in friction 
saw blades permits the development ol 
sufficient tension to allow long service 40° 
several redressings. 

Two other types of blade are: tube s4¥° 
and hot saws, both of which permit 4 sub- 
stantial reduction in the per cut of toot! 
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MATERIALS & METHODS 


YOU GET MORE FOR YOUR MONEY 
WHEN YOU BUY 


THERMALL 


HEAT AND CORROSION RESISTANT 


SALT 
POTS 





Toltlate Meio] tlilola ae -le>(sil4-Pmalaligelii-teMeail-liilias| Mille pee lal: ee 
RAY control are important factors in the manufacture of 
THERMALLOY pots, retorts, muffles, baskets and other heat 


treating equipment. 


Our continued research (aided by our Experimental Foun- 
dry) explains why THERMALLOY castings last so long. That 


is why we say—You get more for your money when you 
buy THERMALLOY. 


AMSCO ALLOY and THERMALLOY are identical 


ELECTRO-ALLOYS DIVISION [2c 72 (uaeesn 
ELYRIA, OHIO. Brake Shoe } 
> or ae On OD iy a -oy a a eaten 
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The Induction Heating Corporation Engineer 
Talks to Mr. X on INDUCTION BRAZING 


MR, X: It’s amazing how many different 
heat-treating jobs your THER-MONIC 
Induction Heating unit can do. Do you 
have any special induction heating 
equipment for brazing? I sure could use 
some improvements in my method of 
silver brazing tubular members into 
heavy steel plates. 


INGINEER: Yes, a single, standard 
THER-MONIC Generator can be used 
for both heat treating and brazing. These 
induction heating units are extremely 
flexible to changeovers from one opera- 
tion to another. But let’s consider your 
brazing problem. What method of braz- 
ing are you using? 


MR. X: I've tried both oxyacetylene- 
torch and furnace brazing. Torch heat 
is too slow and difficult to control. It 
tends to distort the area around the 
braze. Furnace brazing heats the entire 
assembly and gives even more distortion. 
I'd like to confine heat somehow to the 
joint area and boost my output. 


ENGINEER: Yes, induction heating can 
give you the high-quality production 
you want. The main advantage of using 
induction heating for brazing is the fast, 
accurately regulated heat it produces— 
heat which can be restricted exactly 
where you want it. You'll reduce costs 
considerably by using induction brazing. 


MR. X: Just how will induction brazing 
lower costs? 


ENGINEER: Induction brazing is eco- 
nomical since it heats only a localized 
area of an assembly, instead of the entire 
assembly. Naturally, energy costs are 
much lower to heat a small section of a 
part rather than the whole part. Cost 
comparisons of fuel consumption be- 
tween induction heating and other braz- 
ing methods often show a ratio of more 
than ten to one in favor of the induction 
method. In induction brazing a prede- 
termined amount of alloy is used on 
each joint. This permits an accurate 
estimate of alloy costs, preventing waste 
of expensive alloys so common to other 
methods. Labor costs are reduced when 


using induction brazing. With our 
THER-MONIC Induction Heating unit, 
any unskilled worker becomes an expert 
brazer. 


MR, X: That's fine! But you still haven’t 
proved to my satisfaction that induction 
heating will do a better brazing job for 
me. 


ENGINEER: In any brazing operation, 
the major problem is to raise the tem- 
perature of the surfaces to be joined by 
the brazing alloy simultaneously to the 
flow point of the alloy. Here induction 
heating shows its superiority over other 
brazing methods for it accomplishes this 
automatically through properly designed 
heating coils. Since your particular job 
involves brazing of concentric parts, I'd 
recommend your using an inside-heating 
coil to expand the inner tubular member 
against the outer steel plate. By localiz- 
ing heat, induction brazing will enable 
you to braze your heat-treated parts 
without changing the metallurgical qual- 
ities on either side of the brazed joint. 
Also, if you had additional brazed joints 
near this joint, you wouldn’t have to 
worry about “unbrazing” them since they 
would not be heated. You can be sure 
that joints made by induction heating 
will be tight, clean, and uniformly 
strong. 


MR. Xs Say, induction heating is just 
what the doctor ordered for my brazing 
job! 


ENGINEER: Yes, induction brazing is 
ideal for any metal-joining operation. It 
has many advantages over welding, rivet- 
ing, bolting, and other joining methods. 
Parts now machined, cast, or forged in 
one piece can be made of two or more 
pieces and brazed together by induction 
heating, with decided savings in mate- 
rials and labor. Since in induction braz- 
ing precise control of the heat pattern is 
required, induction heating equipment 
of the high-frequency type must be used. 
Our THER-MONIC High-Frequency 
Induction Heating units have handled 
thousands of difficult brazing jobs suc- 
cessfully. 


INDUCTION HEATING CORPORATION 


THERMONIC 


Larges! alent asi 


Brazin 
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surface. 

The rate of feed varies directly with 
blade pressure, which is greater thay 
horizontal pressure against the bl 
center and increasing as the angle of con, G 
tact increases below the horizontal. 

For irregular shapes, such as |-beam, » 
channels, the motor load varies direc 
with the change of pressure angle as the 
blade progresses through the section, aaj 
is greatest at the finish of the cut. The 
blade will stand a higher pressure and 
motor load where the length of Contact jg 
shorter than the maximum safe limit. 

The efficiency of cutting, for a give 
width and condition of blade, is great 
where the length of contact is shorter ap; 
the rate of feed faster. The efficiency 
creases as the corners of the blade becon, 
rounded to a larger radius, because this 
rounding increases the surface area on which 
heat is being generated. (James M. Lew 
Iron & Steel Engr., Vol. 23, June 1946, PP. 
81-90.) 

























































Degreaser Maintenance 


Condensed from “Industrial Finishing 


Y 3 <= « 


Maximum operating economy with ; 
degreaser calls for the removal of 4 
avoidable solvent losses. Important factor: 
to be watched and correct procedures to }y 
employed under usual operating conditions 
are: draft elimination, heat balance, ,i: 
mixing of solvent caused by spraying sl: 
vent through air; pump and valve mainte. 
nance, solvent carry-out, excessive solvent 
vapor displacement; speed of work through 
solvent vapor zone, heating work to vapor 
temperature, moisture in solvent, distilla- 
tion of dirty solvent, draining of filters, 
and conveyor maintenance. 

Every degreaser should be located » 
that it will mot get cross drafts from veo- 
tilating fans, open windows or open doors 
yet it should be housed in a well-ventilated 
room—one of 20,000-cu. ft. or larger. The 
vapor level in a degreaser should be kept 
constant, and heat input must be sufficient 
so that when the cold work enters the 
degreaser, the vapor line will not drop 
below. the bottom of condenser. 

To prevent excessive loss when spraying 
the solvent through the atmosphere, ob- 
serve the following: (1) the spray nozzle 
should be underneath the true vapor line 
when spraying and draining; (2) heat 
input must be sufficient to keep true vapo! 
level above top bank of, sprays; and (3) 
direct jets so that rieochet is within the 
vapor zone. 

Kecommended speed for an avefagt 
work load entering and leaving solvent 
vapor zone is 11 ft. per min., and allow: 
ance must be made for parts whose surfact 
contour will cause excessive displacemett 
of vapor. Parts should remain in the m* 
chine until heated to the temperature of the 
solvent vapors, and precautions should b 
taken to see that the work is put in 4) 

Presence of water in a machine is 1nd! 
cated by cloudy vapors, and any water that 
accumulates on the surface of solvent 
should be removed before operations beg! 
(S. J. Trezac. Ind. Finishing, Vol. 2?; 
June 1946, pp. 44, 46, 48, 50, 52, 54, 56.) 
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WITHOUT TURNING 
A VALVE 


Flow never has to be stopped or diverted 
while a Cuno Filter is being cleaned. And 
you get this advantage without the ex- 
pense — in space and investment — of a 
duplex installation. 


Accumulated solids are removed... by 
turning a handle (with hand or motor) in 
the case of the Cuno Auto-Klean ... by a 
motor-driven backwash system in the case 
of the Cuno Flo-Klean. 


There is nothing, in either model, to 
remove or renew. The filter element is all- 
metal, non-collapsible. The only attention 
required is periodic emptying of the sump. 


For positive cleaning action that is effec- 
tive, as specified, down to .0025'' particle 
size, specify Cuno. See Cuno catalog in 
SWEET?’S for selection factors and specifi- 
cations; or send coupon for complete Cuno 
catalog. Staff engineers are available for 
special recommendations. 


For a Complete Cuno Catalog, send Coupon 


CUNO ENGINEERING CORPORATION 
4510 South Vine Street, Meriden, Conn. 


Case Clear 


Please send me a free copy of QUICK FACTS. I am especially interested in the services checked. 


Acids (Casein CK)Coolants 
Air [Cleaning Solutions OCutting Oils 
Alkali [Coatings (Dip Tank Systems 
Boiler Feed CiCompressed Air DjEnamel 
N WMievdabwhtaasebdedtiacees 
Company 
Address 
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[Engine Fuel 

CjEngine Lubricating Oil 
(jFuel Oil 

(Fuel Tar 


t 


Gases 


|Gasoline 
}]Grease 


Grinder Coolant 


(Hydraulic Oil 


apan 
cquer 


(jLubricating Oil 


Machine Tool Cutting Oil 
Machine Tool Hydraulic Oil 


\Machine Tool Lubricating 


Oil 


ONitrocellulose Solutions 
(jOils 

(JPaint 

C\Pyroxylin 

{)}Quenching Oil 

Resins 

Rust Proofing Compounds 
Sizing 

Solvents 

Spray Systems 

Tar 

[}Test Stand Lubricating Oil 
[jVarnish 

(J)Washing Compounds 
CJWater 

()Wax. 


























CASH IN ON LOWER PRODUCTION COSTS 


Hoffman filtration increases production, 
lengthens life of machines, cutting tools and 
grinding wheels. One plant reports amortization 
of filter in 3 months. 


CASH IN ON LOWER MAINTENANCE COSTS 


Machines operate longer cycles without shutting 
down to clean out sumps. Pumps last longer. 
Some models, with automatic sludge removal, 
permit nearly continuous operation. 


CASH IN ON REDUCTION IN REJECTS 


Hoffman filtration supplemented by Hoffman 
coolant refrigeration where appropriate, 
enhances precision finish, aids in maintaining 
tolerances and reduces your rejects. 


* SEND FOR LITERATURE 








MACHIN 
ag CORPORAT 
i] w 223 Lamson St., Syracuse 


COOLANT FILTERS + FILTRATION ENGINEERING SERVIC 
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“Dry” Galvanizing 
Condensed from “Metal Ind, try” 


The purpose of the flux in hor Balya. 
nizing is to clean the surface of the objec 
to be galvanized and also the Surface of 
the molten zinc immediately before 
come in contact with each othe: [py the 
“wet” method, the flux is applicd on th 
surface of the molten zinc; in the “4,” 
process, the flux is applied on the 
of the work-piece. The essential difference 
between these two methods, however, i 
that in the “Wet Process” a zinc bath wit 
no more than 0.02% aluminum js 
while in the “dry” process the bath is 4) 
loyed with 0.2 to 0.3% aluminum. 

As a rule, a solution of 40 to 50% zin 
chloride is used as a flux in the “dy 
process. The objects are immersed in th 
solution; then they are placed in a drying 
furnace and heated until most of the wat; 
evaporates, leaving a layer of zinc chlorite 
on the surface. 

In the “dry” process, it is important 1 
wash the surface of the work-pieces afte; 
pickling as carefully as possible, to dry the 
objects as completely as possible, and t 
use no more flux than is necessary. In ho 
galvanizing, aluminum is used as an alloy. 
ing metal in two ways: first to brighten the 
zinc coating, and second, to alter the struc. 
ture of the coating. For the first purpos 
an aluminum content of 0.02% will suffice: 
for the second, the aluminum content of 
the zinc bath must be 0.2 to 0.3%. 

The main range of application for the 
“dry” process is the hot galvanizing of fla 
sheets, since the zinc coatings so formed 
have excellent bending qualities. In “dry” 
galvanizing there are no alloy layers, and 
the coating is only about half as thick a 
in “wet” galvanizing. The high cost due 
to the hand labor needed for a small output 
is the one disadvantage of this proces. 
(H. Bablik. Metal Industry, Vol. 68, June 
21, 1946, pp. 487-489.) 





Soft Soldering 


Condensed from 
"The Welding Journal” 


Soft soldering is the process of joiniag 
metals without melting the base met 
using an alloy, or solder, fusible at temper 
atures below 700 F. In hard soldering, 4 
silver soldering or silver brazing, the sold 
fuses at temperatures above 1200 F. 

The use of 60% tin-40% lead, or 50-) 
solder makes it possible for even the novi 
to do acceptable soft soldering. The hi 
tin content of these solders makes them & 
to work with. In the case of a tin conte 
of 30%, experts encounter difficulties. 

For soft soldering nonferrous alloys, o 
can use an oxyacetylene welding blowp! 
or an air-acetylene torch with single bd 
connection. Tip sizes for soldering 
from Nos. 6 to 15. Oxygen is used in © 
bination with city gas or with natural # 
the oxyacetylene flame being too hot! 
soft soldering. A second type uses acety 
and atmospheric air, this being favore¢ 
electricians, plumbers and sheet meta! wo 
ers because of small portable cylinders 
acetylene used. 
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SLPER-CYCLONE > 


Over 120 separate parts brazed 


into a single unit in 1 operation 


The brazed, all sheet-steel engine block used in the new 
Crosley car is outstanding among recent engineering 
developments. 

Ina single brazing operation, light walled alloy steel 
tubes and deep drawn steel stampings—over 120 in all 
—are brazed together in a Lindberg Roller Hearth 
Brazing furnace to form the Crosley engine block weigh- 
ing only 14.8 pounds. 


Completed engine block assemblies—4 to a tray, are 
automatically charged into the continuous Roller Hearth 
Furnace. The work, which at all times is protected by the 
Lindberg Hyen atmosphere against scaling or decarbur- 
ization, first. enters a preheating zone—then the brazing 
chamber, where the actual brazing takes place at 2060° 
F, From tne brazing chamber, the blocks go to a slow- 


cooling zone which reduces the temperature to about 
1500° F, 


In the next zone, cooled Hyen Hydryzing atmosphere 
is forced over and through the block by means of fans. 
This atmosphere quenches the cylinders and valve seats 
to obtain necessary hardness. Thus the furnace not only 
brazes but also hardens. The block is finally cooled to 
about 200° F, in the Hyen atmosphere to prevent scaling. 
This process of assembling and hardening an internal com- 
bustion engine was invented and is being patented by 
Powel Crosley Jr.—and the Lindberg Engineers worked 
out a particular furnace, which permits quantity produc- 
tion, 


Perhaps too, some of the problems of producing your 
product can be more efficiently solved by employing 
brazing methods. Lindberg Engineers will be glad to dis- 
cuss various possible applications of brazing to your line. 
Write today for Bulletin 210 and a reprint of an article 
describing how the Crosley automobile engine block is 
made. LINDBERG ENGINEERING COMPANY, 2451 W. 
Hubbard Street, Chicago 12, Illinois. 
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FURNACES 


HYDRYZING += BRAZING 
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ANNOUNCEMENT 


TO AUTOMOTIVE, REFRIGERATOR, 
AIR CONDITIONING AND OTHER 
METAL WORKING INDUSTRIES 
THAT DEMAND A QUALITY FINISH 











THE 
AMERICAN CHEMICAL PAINT COMPANY 


is back in the 
Rust-Proofing Business ...TO STAY! 


Since 1914 ACP has pioneered in rust prevention and other metal 
working chemical problems. DEOXIDINE—the original phos- 
phoric acid metal cleaner and rust removing conditioner has been 
credited with saving the then infant automobile industry, by mak- 
ing possible a durable paint finish on steel bodies. 


Today the manufacturer who demands quality and durability may 
further improve his product by the use of phosphate bonding 
coatings to protect both the lustrous paint finish and the metal as 
well. Many of the most effective and economical phosphate coat- 
ing processes — so widely used in industry today — were devel- 
oped in the ACP laboratories. In 1940, however, circumstances 
forced ACP out of the phosphate coating field. 


ACP is now in position to exploit and develop further its patented 
ACP COLD SPRAY-GRANODINE (peroxide-zinc phosphate) coat- 
ing process. Already many of our former customers have re- 
adopted it, and more are planning to change in the near future 
to get the savings of this low temperature process that produces 
a hard zinc phosphate bonding coating on which the highest 
paint luster can be obtained. It protects the lustrous beauty of the 
paint finish — and the metal as well. A GRANODIZED product 
gives assurance of the quality of the paint finish. 


Another ACP product—-THERMOIL-GRANODINE—is again 
available to produce wear resistant phosphate coatings on fric- 
tion bearing surfaces. 

Quality products that are ““GRANODIZED" with ACP COLD 
SPRAY-GRANODINE; *“‘DURIDIZED"’ with ACP DURIDINE 210B; or 
“CROMODIZED” with ACP CROMODINE are Certified for 
Rust Resistance 


AMERICAN CHEMICAL PAINT COMPANY 





CHEMICALS AMBLER, PA. CHEMICALS 
‘Xela 
| PROCESSES PROCE: 
6335 PALMER AVE. E., DETROIT e WALKERVILLE, ONTARIO 
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At one temperature the solder |, 
melt; at another it begins to flow. the la 
ter being important because the metal m 
be heated to a temperature higher than a 
flowing temperature, or the solder Will no 
flow. A few solders melt and flow a the 
same temperature, these being “cute; 
solders, being suitable for bead joints but 
not lap joints. The plastic range js that 
between melting point and solidified poi, 
upon cooling. 

The following are temperature charac. 
teristics of commonly used solders, valuahj, 
to know when changing from one solder tp 
another: 


CBins ty 














Melting | Flowin 
Composition | Point F | Point F Ros 
Tin-Lead, | 
60-40 361 372 1 
Tin-Lead, 
50-50 361 421 60 
Tin-Lead, 
40-60 361 | 453 9) 
Tin-Lead, | q 
30-70 361 | 486 125 
Lead-Silver, 
95-5 579 689 110 
Lead-Silver, ( eutec- 
97.5-2.5 579 579 tic) U 
Tin-Lead,- 
Antimony, 
28-70-2 361 484 123 











Fluxes are important as they shield the 
cleaned metal from the air, thus retarding 
formation of an oxide film, and they te. 
move any oxide that might be on the sur. 
face when the solder is applied. Fluxes can 
be obtained in powder, paste or liquid 
form, or as cores in the hollow wire form 
of solder. Some flux makers add wetting 
agents to make the flux thin out and cover 
a larger area. 

The lower the tin content, the more care 
must be taken. Thus, all dirt and grease 
must be removed from the surface before 
fluxing. Surfaces must be made to fit and 
contact each other closely. 

One should heat the metal above the 
flowing temperature and heat the lapped 
joint until the solder drops disappear from 
the bevel. One should dip the solder in 
the flux from time to time. Do not disturb 
the joint until the solder has solidified. 
Use water to clean off traces of the flux 
which are corrosive. 

With the first type of blowpipe, with an 
oxy-city gas flame, the correct flame is soft; 
when the second type is used with the 
air-acetylene flame, the flame should show 
a bright, sharply-defined\ inner cone and 
a pale blue outer flame. (G. H. Boho. 
Welding J., Vol. 25, June 1946, pp. 513 
516.) 


Welding Aluminum 
Condensed from “The Iron Age” 


Though sometimes considered a difficult 
material to weld, aluminum is, in fact, on¢ 
of the most readily weldable of all metals 
Pure aluminum melts at 1218 F, while 
aluminum alloys melt at even ‘owe! 
temperatures. The melting point o! steel 
is around 2700 F. 

One of the most critical factors in the 
welding of aluminum is oxidation. 09 all 
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Bristol’s PYROMASTER 


A Self-balancing Potentiometer for 
Recording, Indicating and Controlling 
Industrial Processes 


Pyromaster Pyrometer Electric-Type Controller, 
door open and panel swung out 


ALL PARTS ACCESSIBLE: All parts 
of the Pyromaster are accessible even 
when the instrument is in full opera- 
tion The dial and recording mechan- 
isms are mounted on the front of a 
hinged reinforced steel panel, which 
can be swung out of the case as shown 
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above. The slide wire and potentio- 
meter mechanism and, in the case of 
controllers, the control mechanism are 
mounted on the back of the panel. 
Each part or unit can be serviced in 
place or removed without disturbing 
any other part. 


Complete facts in Bulletin P1200. Address 162 Bristol Road 
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Bristol’s PYROMASTER Pyrom- 
eters are available in the fol- 
lowing types of instruments for 
temperatures up to 3600° F. 


Electric-Type Controllers, in- 
cluding Proportioning and Pro- 
portional Current-Input Control 
Air-Operated Controllers 
Single-Pen and Two-Pen 
Recorders 
Dial Indicators 
Time-Temperature Controllers 
Radiation Pyrometers 
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For Hot or Cold Rolled; High or Low Carbon; or Stainless 
sizes to 1 OOO to 28,000 Ibs. per hour 
Quicker deliveries, shorter annealing time The finish and anneal are uniform as the 


and less material in process ... 


material is annealed in strip form, and every 
linear foot is therefore subjected to exactly 
the same temperature and conditions regard- 
less of the tonnage. 

The anneal is secured in a few minutes in 
place of hours . . . requiring less material 
in process. 


Can be built in sizes to handle any width 


or tonnage required. 


Continuous operation, uniformity of finish 
and anneal 

Elimination of pickling, moderate floor space 
requirements and low operating costs. 
These are some of the advantages of EF 
continuous controlled atmosphere furnaces 
for bright annealing and normalizing strip. 


We are in position to design and build the size and type 
best adapted to your plant, product and production requirements. 


We solicit your inquiries covering production furnaces for 
handling strip or other products in any size, shape or form 
. no job is too large or too unusual. 





The Electric Furnace 


Co., Salem, Ohio 


A pb 
r Any rr 








Production Furnaces 
For Handling Products in 


Any Size or Shape 








For Production Furnaces, For 
Any Process or Production, Consult 


The Electric Furnace Co., Salem, Ohio 
No Job Is Too Large or Too Unusual 
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exposed surfaces, aluminum oxides f,; 
form a film or coating. Its removal js o. 
plicated by the fact that it has a hia 
melting point than the base metal 

In the various forms of fusion weld; 
this difficulty is overcome by the yy 
fluxes. The flux combines chemically vid 
the oxide to form a fusible slag which 
be removed readily from the weld pu 
as it rises to the surface during welding 

Another critical factor is the apparen 
weakness of aluminum alloys at high ten, 
peratures. Many aluminum alloys are Dat 
tially molten over wide ranges of temper, 
ture. When temperatures at which Parti 
melting occurs are reached in Welding, the 
aluminum alloys show a tendency to 
lapse. Because the temperatures used 
welding aluminum are not within the yis, 
ble light range, showing no change; 
color, it is difficult to determine when me. 
ing temperatures are approached in any 
part of a piece of metal being welded. 

The heat treatable alloys of aluminug 
are in general not as suitable for welding as 
the non-heat treatable alloys. These alioy: 
however, if heat treated subsequent to weld. 
ing, develop higher strengths, but if welde 
after heat treatment much of the strength 
will be lost. 

The earliest welding process to be sy. 
cessfully employed on aluminum, and (lj 
one of the most popular, is that method 
of fusion welding which makes use of the 
torch flame. Gas welding is normally con. 
fined to materials 1/32-in. thick or over 
For thinner materials, spot or seam welding 
is employed. 

Many of the gas welding processes may 
be used to weld aluminum alloys in their 
various forms, such as sheets or plates. Al. 
loys suited for general torch welding pur- 
poses are 2S, 3S, 52S, R353 and R361. 

The thickness of the material will largely 
determine the method of edge preparation. 
On thin material up to about 1/16 in. 10 
particular edge preparation is needed. M:- 
terial of this thickness can usually be welded 
with a plain butt type of weld. 

It is desirable to preheat when welding 
aluminum plates 4-in. thick or over in 
order to prevent cracks, assure more com: 
plete penetration and reduce gas consump 
tion. Preheating to a temperature of 50 
to 700 F is sufficient. 

With the oxyhydrogen flame sufficient 
heat is produced to weld aluminum up t0 
¥g-in. thick. For practical purposes, how- 
ever, many users are inclined to reserve 
oxyhydrogen welding for the thinner sheets 
and use oxyacetylene welding for thicker 
materials, say from 3/16 in. up. In weld 
ing aluminum, a neutral or slightly reduc 
ing flame gives the best speed and econom) 
as well as a clean weld of good soundness 

The type of welding rod to be used wi! 
vary. The 5% silicon welding rod is te 
ommended for most alloys, inasmuch % 
this rod possesses higher strength and 200°) 
corrosion resistant properties. . 

To insure the proper distribution of 1% 
it should be painted on the surface to » 
welded and also applied to the welaité 
rod. Aluminum flux is generally obtaine 
in the powder form. It is best prepared Ds 
mixing the powder with water to form * 
thin, freely flowing paste. After the pie 
to be welded have been properly prepate 
and fluxed, the flame is passed in ev 
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HIGH TEMPERATURES! 


Inconel is thermally durable. Hundreds of high- 
temperature applications in many fields have 
demonstrated the heat resistance of this 80% 
Nickel — 14% Chromium alloy. You can use 
Inconel thermocouple protection tubes up to 
2200° F. in sulfur-free atmospheres. 


And at any temperature, you'll find the thinner 
walls of close-grained Inconel tubes a big help 
where you need quick, accurate response to tem- 
perature changes. 






MECHANICAL SHOCK! 


Inconel is strong and tough. And, it maintains its 
strength and toughness at high temperatures. In 
many jobs (for example, forging furnaces ), ther- 
mocouple protection tubes have to take bumps 
and jolts during charging and discharging. These 
are the jobs where use of Inconel pays an extra 
dividend. As a matter of fact, its high hot-strength 
frequently makes Inconel the choice even where 
excessive corrosion or high temperature is not a 
problem. 















OU SOLVE 4 PROBLEMS 


when you switch to 
INCONEL’ THERMOCOUPLE~ 
PROTECTION TUBES | 





























CORROSION! 


Inconel is corrosion-resisting. Because Inconel 
combines unmatched thermal endurance with all- 
’round corrosion resistance, you can use Inconel 
protection tubes to guard thermocouples against 
chemical attack by carburizing vapors and gases 
... nitriding atmospheres... hydrogen-nitrogen 
atmospheres... fused salt baths. 


The greater impermeability of seamless, drawn 
Inconel tubes also means better protection of 
thermocouples from harmful gases. 





REDUCING AND OXIDIZING ATMOSPHERES! 


Inconel has met the problem created by increased 
use of reducing atmospheres in bright annealing, 
nitriding, oxide reduction, and similar operations. 
Inconel gives long service in these processes be- 
cause itresists the embrittling effects of hydrogen- 
nitrogen atmospheres. 4 







Or if your operation is carried out in an oxidizing 
atmosphere, you can count on Inconel tubes here, 
too. For Inconel resists scaling . . . even at high 
heat. 






Prevent operating interruptions caused by thermocouple protection 
tubes that can’t “take it.” 


Standardize on Inconel tubes wherever possible! For most jobs their 
longer life makes the cost actually less than the tubes you are now using. 

Seamless, drawn Inconel protection tubes, with one end closed and 
the other end threaded, are available in standard IPS diameters. Your 
regular supplier or instrument manufacturer can furnish any size or 
length with either standard or extra-heavy wall thickness. 







*Reg. U.S. Pat. Off. 





THE INTERNATIONAL NICKEL COMPANY, INC., 67 Wall St., New York 5, N. Y. 


| NW CON is Z - for long life at high temperatures 


(80 NICKEL -/4 CHROMIUM) 
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Years ago it may have been all right 
for a man to start as office boy and 
work his way up to be president of 
his organization. The process took 
years, but there was no better way. 
Now there és a better way. 


The design for a successful execu- 
tive has been “blueprinted.” A 
straight-line production plan has been 
laid out for quality production. The 
new method fits into today’s fast mov- 
ing conditions, and accomplishes in 
months what once took years. 


The New Way 


Through its Modern Business Course 
and Service, the Alexander Hamilton 
Institute prepares men for executive 
positions quickly and scientifically. 
Institute training is basic and broad. 
It provides the knowledge that en- 
ables men to direct the activities of 
others—not in one department or one 
kind of business—but in ai// depart- 
ments of any business. It covers 
Accounting, Marketing, Finance and 
Production. 

Training of this kind is particularly 
valuable to technical men who are 
often denied responsible, high sala- 
ried positions because of their lack of 
business knowledge. The Modern 
Business Course and Service supple- 


r 
| 
Simply fill in and mail } 
this coupon, and a I 
free copy of “Forging a ™ 
Ahead in Business” ! 
will be mailed to you. = rm 
i 
7 
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ALEXANDER HAMILTON INSTITUTE 
Dept. 446, 71 West 23rd Street 
New York 10, N. Y. 
In Canada: 54 Wellington Street, W est, Toronto 1, Ont. 


Please mail me, without cost, a copy of the 64-page 
book —“FORGING AHEAD IN BUSINESS.” 


CPR REO Oe eee | 





ments their technical education, and 
qualifies them for rapid advancement. 


Prominent Contributors 


Among the contributors to the Insti- 
tute’s training program are such busi- 
ness and industrial executives as 
HermanSteinkraus, President, Bridge- 
port Brass Company; Thomas J. 
Watson, President, International Busi- 
ness Machines Corp. and Clifton 
Slusser, Vice President, Goodyear 
Tire & Rubber Company. 


Forging Ahead in Business 


The manner in which the Institute’s 
Modern Business Course and Service 
is brought to subscribers is interest- 
ingly told in the fast-reading pages of 
“Forging Ahead in Business.” The 
booklet also contains a great deal of 
information about the problems fac- 
ing ambitious men who are looking 
ahead—and who want to move ahead. 
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smaller circles over the starting poin: 
the flux melts or the rod begins to 
to the surface. 

After the flux melts, the base metal 
be melted before the rod is applied, op 
the metal and the filler metal m+ 
brought to the molten state Simul 
To prevent oxidation, it is quite 
keep the welding rod in the weld pnd 
at all times. (Iron Age, Vol. 157 
20, 1946, pp. 50-55.) 
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A French High Frequency Furnace 


Condensed from “Fonderie” 


The three main types of electric mel; 
furnaces are resistance, arc and induct: 
Resistance furnaces are very simple, } 
high temperatures cannot be obtained. 
furnaces contaminate the charge with ¢ 
bon from the electrodes and volatile ¢ 
ments may be lost from the melt. Inductic 
furnaces may be constructed with or 
out a magnetic core. 

The latter operate with a current that m 
be generated by an a.c. generator, whid 
has relatively low, fixed frequency; a spark 
gap generator, which generally has ve 
low output; or by an electronic tube 
the present furnace, where a triode tube 
functions as the source of the alternating 
current. 

Electronic tube induction furnaces have 
many advantages for small charges, espe 
cially of expensive metals. The frequency 
may be as high as several million cycles 
per sec. and is easily regulated. An adjust 
ment of the circuit when the charge melts 
is not essential as it is with furnaces using 
an a.c. generator. Melting is very rapid. 

The operation of these furnaces is flexible 
and uniform. The crucible is deep tw 
minimize oxidation. Moreover, the melting 
can be conducted in vacuum of under 4 
controlled atmosphere if desired. 

Since the heat is generated in the metal, 
there is no danger of carburizing the melt 
nor is there any silicon pick-up from the 
silica crucible. Melting losses are insig- 
nificant; therefore, turnings may be i 
melted economically. The equipment is 
easy to maintain as there are no moving 
parts. The crucibles are cheap and have a 
long life. However, the equipment is more 
expensive than an a.c. generator and is 
justified only for small charges. 

Full details are given of a 2-crucible, 
250-kw. installation which has been if 
operation for almost two years in Paris. 
This furnace is one of the most powerful 
electronic tube types that has been built. 
Particular attention is given to the simpli 
city of operation and to the safety prov 
sions. The nominal capacity is 110 |b., but 
actually 287 Ib. may be melted. ; 

The average melting times are 21 mit. 
for 192 Ib. of steel and 32 min. for 28) 
lb. However, some heats are much shortet. 
Each pound of steel melted requires 0.) 
kwh. With 176-lb. heats of steel, each 
crucible will last about 100 heats. The 
same type of construction has been used 
for 100, 40 and 20 kw. furnaces. (A. d 
Saint-Andrieu. Fonderie, Apr. 1946, PP 
143-155.) 
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job better and more economically. 


PENNA. 
SAN FRANCISCO 


LOS ANGELES 


PITTSBURGH, 
CHICAGO 


DETROIT 


GEORGE J. HAGAN COMPANY 

























 ROLMILTEY 


For improvement of Cyanide Copper Plating 
operations, MAC DERMID INCORPORATED de- 
veloped Rocheltex, a liquid addition agent. 
Accelerates Cyanide Copper Plating and guar- 
antees brighter, more uniform copper deposits 
at higher current densities for both racked 
and barrel plated articles without additional 
buffing operations. 





Send Today for FREE 
Technical Data Sheets 
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cost 
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MAC DERMID INCORPORATED 
Waterbury 88, Connecticut 





Gentlemen: ( ) Please send me the following Data Sheets. 

( ) Have your demonstrator call. 

( ) Rocheltex ( ) Anodex ( 
( ) Metalex “W” Special 


) Zine Dyclene E 


NAME TITLE 
FIRM NAME 
CITY STATE 


4 


a, ay i rig 
rintoeren att eo ) 


WATERBURY 88, CONNECTICUT 


WRITE ONE OF THESE SERVICE ORGANIZATIONS FOR FREE DEMONSTRATION 





NEW YORK DETROIT CHICAGO CLEVELAND $v. tours TORONTO—CAN, 
(1. 8. City) Wegner Brow Geo. A. Stuts Mig. Co. MeGeen Chem. Ce. Incorporated Supplies Co. 
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A New Welding Technique 
Condensed from “The Welding Engineer" 


A new flame process has been invente 
for welding, brazing and hard-facing With 
powdered metals by R. A. Wiese, head of 
Powder Weld, Inc., Brooklyn, N. y. The 
metal or alloy is mixed with its flux jp d 
carefully predetermined portion and fed 4 
the work through a flame generated and 
controlled by a pre-selected combination 
oxygen with fuel and processing pase; 

eoretically, the variety of materia; 
which may be used in powder welding js 
limited only by the availability of the mew 
in powdered form and its stability in flame 
This leaves the field wide open for coppe, 
iron, aluminum, magnesium, manganese 
nickel, lead, tin, zinc, cadmium and silver 
and for the alloys of these metals plus 4. 
loys containing beryllium, bismuth, boro, 
carbon, chromium, cobalt, molybdenum and 
tungsten. 

The equipment consists of a torch, cop. 
trol box with air and gas pressure regular. 
ing valves and a canister from which poy. 
dered metals are fed. The torch differs 
greatly from either a welding or cutting 
torch. Three control knobs project from 
the handle, being part of the 16 independ. 
ent controls. 

The process ordinarily makes use of three 
gases: Oxygen, a fuel gas and a cooling or 
processing gas. The fuel gas may be acety. 
lene, hydrogen, butane, propane or any 
commercial natural or manufactured g 
The processing may be nitrogen, helium 
argon or other inert gas. 

A skilled operator can achieve exact con- 
trol of the amount of flux, accurate control 
of the amount of mixture used per min. or 
per in. of weld or braze, control of the 
flame temperature and atmosphere, control 
of the temperature of the projected metal, 
and control of the temperature of the target 
or work surface. 

The outfit can weld or braze like any 
other torch and, in addition, can use con- 
trolled atmosphere at the point of deposit 
It can also be used without the processing 
gas as a conventional welding or brazing 
torch, its performance being excellent. 

The method can also be used by the 
plastics industry to apply such chemicl 
compositions as polythene, some polyviny]s, 
some silicones and some elastomers. Glass 
forming compositions such as silica and 
other frits resulting in enamels and glazed 
coatings can be applied in the same manner. 

In the metal field it is admirable fot 
hard facing, applying hard-to-handle alloys 
in any desired thickness. With this equip 
ment a Detroit company bonds sprayed 
metal particles onto a prepared surface and 
subsequently fuses the deposited particles t0 
one another and to the base metal to pio 
duce a dense, wear-and-corrosion resistant 
surface. A special nickel-chromium-boron 
alloy with ‘a hardness of 56-62 Rockwell 
C is used. The bonding of sprayed particles 
is done at 1850 to 2050 F. 

To apply an overlay, the surface is Mrs 
undercut. then grit blast with medium ste¢! 
grit. Flame spraying with the nickel 
chromium-boron rod follows, the rod hav- 
ing as binder a plastic which soon burns off 
and leaves no harmful trace. (Clyde B. 
Clason. Welding Engr., Vol. 31, June 
1946, pp. 46-48.) 
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Testing methods and equipment for 
physical and nahin properties, 
surface behavior and special charac- 
teristics. Radiographic, spectrogra- 
phic, identification, nilidlonbpbic. 
dimensional and surface inspection. 
Stress analysis and balancing. Speci- 
fications, standards, quality control. 

















Nondestructive Inspection of Castings 


Condensed from “American Foundryman” 


In general, nondestructive testing in- 
cludes any method of inspection which 
will disclose the presence of defects in a 
part without destroying the part itself. 
When applied to castings, the definition 
may be extended to cover those methods 
which, while they may remove part of the 
casting, leave the final part still usable. 
There are a number of nondestructive in- 
spection methods in regular use in foun- 
dries. 

Visual examination consists of examin- 
ing the surface of the casting with the 
unaided eye, the use of a hand lens or, in 
certain cases, low-power microscopes. This 
method is used to detect surface defects. 
Among the types of defects which are found 
by visual inspection are “burned-in” sand, 
blows, rat tails, cold shuts, swells, surface 
porosity and surface cracks. 

Sound or percussion tests are performed 
by striking the casting with a hammer, 
thus producing a characteristic tone which 
will be changed by the presence of discon- 
tinuities. This method is generally not 
very satisfactory. It can only be used to 
detect very large defects and even then is 
not always a dependable test. 

Impact tests involve impacting the cast- 
ing in one of several ways to determine 
whether or not the piece will fail. The 
casting may be impacted by striking it with 
a hammer, dropping it from a specified 
height onto a solid plate, or by dropping a 
specified weight from a given height on 
the casting. Impact tests should not be 
trusted as acceptance tests for castings. 

Pressure tests are used to locate leaks and 
to test the over-all strength of castings. 
Hydrostatic testing consists of filling the 
part with water under a specified pressure 
and examining the casting for leaks. The 
hydrostatic test shows over-all strength and 
the presence of leaks only at. the time 
the test is made, and gives no real assurance 
that the part will continue free from defects 
in service. In service the casting may be 
subjected to stress variations which may 
cause filamentary shrinkage cracks to ex- 
tend, thus causing leakage. 
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Steam and air may be used in pressure 
tests. However, steam should not be ap- 
plied until the part has been hydrostatically 
tested. Air is particularly useful in testing 
small valves and fittings. 

Radiographic examination using X-fays 
and gamma-rays is another widely used 
nondestructive test in foundries. If a metal 
plate, for example, is exposed to X- or 
gamma-rays, some will be absorbed by the 
plate; others will pass through. Defects 
inside the plate will absorb the rays to a 
lesser extent than the adjacent areas of the 
plate. Since the rays affect photographic 
emulsions in much the same way as light, 
a record of the defects present can be 
obtained. 

The wave length of X-rays is inversely 
proportional to the applied voltage used in 
making the X-rays. Sensitivity, or the 
ability to register small defects, increases 
with an increase in wave length. However, 
the penetration of the X-rays decreases with 
an increase in wave length. X-ray equip- 
ment rated at 220 kvp. is suitable for up 
to 3 in. of steel. Rays from one million- 
volt equipment can be used up to 6 in. of 
steel. 

Radiography using radium depends upon 
the emission of penetrating rays given off 
by radium. Gamma-rays have very short 
wave lengths and high penetrating power. 
This method is useful where the production 
of a foundry is not sufficient to warrant 
high voltage X-ray equipment. Since it is 
portable, the method is useful for jobs not 
accessible to X-ray methods. 

Magnetic inspection can often be used 
to reveal shallow, fine defects not possible 
to detect with radiography. To use mag- 
netic inspection, the part being tested must 
be capable of being magnetized. In general, 
the test consists of applying magnetic par- 
ticles to the surface of the magnetized 
casting. If defects are present, the particles 
will form a line around the defects. 

Magnetic inspection is often limited to 
certain critical locations of castings. A 
variation of the magnetic test is in the use 
of magnetic particles covered with material 
















which fluoresces under ultraviolet }; 

In electrical conductivity tests an ¢l... 
current is passed through the piece 4. 
a constant voltage and observing any ¢), , 
in the amount of current to pass thro, 
as an indication of defects. It is pr; 
only where a large number of cast 
the same design are made to close toletan,. 

Penetrant tests utilize a highly pene, 
ing oil in which is dissolved a subs... 
fluorescent under ultraviolet light. A 5, 
der is dusted on the surface; it absorbs qj 
where defects are located and indicates 4, 
defect under ultraviolet light. 

Supersonic testing methods have oy 
recently been developed. In one metho) 
sound waves are set up at one end of 4 
object, travel through the object and » 
reflected back either by the opposite end 
by a flaw. The time of travel is Measured, 
Thus, a flaw will be indicated by a short, 
round trip time than that of a wave being 
reflected from the end. (C. L. Frear 4 
R. E. Lyons. Am. Foundryman, Vo), 9 
Apr. 1946, pp. 120-133.) 


Standard Nonferrous Test-Bars 


Condensed from “Foundry Trade Journg 


LiCah 


An investigation was carried out with 
the following designs of separately ag 
test-bars: Keel bar, a modified form ¢ 
wedge bar designed by J. Stone & %: 
Institute of British Foundrymen bar, x 
modified by J. Stone & Co.; Eash-type lw, 
as used in the United States; and British 
Non-Ferrous Metals’ Research Assn. bw. 
With the exception of the Keel bar, al! of 
the patterns were cast in both the shaped 
and parallel forms in green-sand molds by 
12 British foundries. 

Alloys used were (A) aluminum bronze, 
(B) manganese brass, (C) phosphor 
bronze, (D) 88-10-2 gunmetal, and (£) 
85-5-5-5 gunmetal. The pouring temper- 
tures used were 2192 F for A, 1868 F for 
B, 2048 F for C, 2138 F for D, and 2084f 
for E. The green sand used had a moisture 
content of 5.5 to 6.5%; A.F.A. green com: 
pressive strength of 6.0 to 8.5 psi.; and 
A.F.A. green permeability of No. 20-50. 
All the test-pieces were machined to 0.564 
in. dia. and their mechanical properties 
plotted graphically. 

As a result of these tests, it has been 
recommended to the British Standards Io- 
stitution that the Keel bar should be tent: 
tively adopted as a standard for copper: 
base alloy castings. The bar should lb 
made round instead of having a squat 
section. This will facilitate machining 
operations and provide a\ more rapid rate 
of cooling. 

The bar has a diameter of 1 in. Its length 
may be varied to suit the testing-machine 
but shall not normally be less than 6 i. 

The wedge-shaped riser tapers from 4 
width of 2 in. at the top to % in. at the 
bottom; its’ depth is 4 in. Its length at the 
bottom is the same as that of the bar and 
at the top it is 4-in. longer. 

For aluminum bronze and manganes 
brass, the test bar should be run from the 
bottom by means of a small ingate attached 
to one end of the bar. For other alloys, 
direct pouring into the feeding head should 
be satisfactory. 

In odd cases, some initial difficulty m#y 
be experienced in meeting existing speci 
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which MBANS MORE to YOU? 






“smooth finish” 


5 Microinch 
Finish 











ANY MANUFACTURER knows how many arguments have been started by speci- 


fying surface finishes in terms of “smooth machined free from tool 


marks...” and similar vague designations. 


These arguments have been laid to rest in metal-working plants all over the 
world through use of the Profilometer. With the Profilometer, finishes are 
specified and described in microinches (millionths of an inch) of average rough- 
ness. Surfaces can then be measured with the Profilometer for comparison with 
specifications—there is no room for argument. 


The Profiiometer measurement does not depend on the “‘shininess,” curvature, 
or lay, of the surface, on the mood of the inspector, or on any of the many 
variables encountered in visual or tactual comparison of surfaces. 


The Profilometer is a shop tool—rugged, durable, easy to operate. Any 
machine operator can take a measurement in a few seconds. Elaborate setups 
are unnecessary. 

Do arguments on surface finish still arise in your plant? Our representative 
would be glad to call to demonstrate the Profilometer and to discuss the ways in 
which it can improve the quality and increase the efficiency of production. 
Catalog on request. 


Profilometer is the trademark registered with 
the U. S. Patent Office indicating Physicists 
Research Company’s brand of surface- 
roughness gaging equipment. 


PHYSICISTS 


RESEARCH COMPANY 


ANN ARBOR MICHIGAN 
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cation requirements for gunmeta| 
phosphor bronze, when using the 
bar. For the time being, the IBF. 
bar might be allowed as an alternative ‘ 
these alloys. There is every reason to he 
lieve that the form of Keel bar tec 
mended will ultimately prove satis 
for all copper-base alloys. 

At one time the B.N.F.M.R.A. design o 
bar looked particularly promising. 4, 
ever, some trouble was experienced With 
entrapped oxide and dross inclusions jp 
test-pieces. Further study will have to he 
given to running methods if cong 
results are to be obtained. (Frank Hudson, 
Foundry Trade J., Vol. 79, June 20, 1946 
pp. 185-191.) 


Testing Plastics 
Condensed from “Plastics” 


Due to the numerous factors that ent 
into the manufacture and use of finished 
plastics goods, the only way to determin 
the suitability of a manufactured prodyg 
is to test it under conditions as closely x 
possible simulating those it will encounte 
in actual use. Standard tests have their 
value as a guide only for a comparison of 
the properties of the various plastics. 

Molded pieces of the melamines ae 
found to be more practical than the ures 
because they are more water resistant 
much harder, and more resistant to staining 
In commercial applications the express 
data sheet figure cannot be used, for be. 
sides the technique in molding and th 
difference in shape, the presence of inser: 
or machine scratches will change the r. 
sults unfavorably. 

Either of the standard “Izod or Charpy 
methods for testing impact strength ar 
based on single blow determinations; there- 
fore, other tests were devised to indicat 
the effect of repeated impact at lower 
than ultimate breaking strength. Immer 
sion in boiling water seemed to be the best 
test of heat resistance, the shape and thick. 
ness of the article being important factors 
Alternately dry and humid conditions, ten 
perature and rate of drying are als 
determinant. 

X-ray analysis, either fluoroscopically or 
by means of X-ray film, is of immense 
value as a testing tool without destroying 
the piece. In design, differences of thick- 
ness, contour, and orientation of the fibers 
with respect to section may alter the 
physical properties. 

Transfer molding makes for a mort 
uniform dense material than compression 
molding. The final physical properties 0! 
phenolics are generally not as affected by 
over-curing by high temperature as are the 
ureas and melamines. 

Usually impregnation of fibers by mole: 
cules of plastics decreases the strength but 
increases the. water resistance. In the coat: 
ing process the physical properties arf 
better, but water resistance is not as g00¢ 

Insufficient pressure in molding 
cause porosity, and excessive pressure (a! 
break down the fibrous structure. Temperé 
ture and humidity at the time of testing 
the piece, with the history of the molde 
article, can affect the dielectric | strength 
(H. R. Sjostedt. Plastics, Vol. 4, June 1946. 
pp. 58, 60, 100, 101.) 
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Kodak Spectrum Analysis 
#1 Plates for different 
elements . . . a never 
varying index of light 
produced by burning a 


small specimen. 


nced 
ions in ' 
lave to be 


” 























5 
that ente; 
of finishes 
determine 
d produc 
Closely as 
encounter 
Parison of 
sLICS. 
Nines are 
the ureas 
resistant, 
> Stainine 
express 
1, for be. 
and the 
of inserts 
e the re. 
we Charpy 
ngth are 
wns; there- 
> indicate 
at lower 
Immet 
e the best 
ind thick 
if fac tors 
ions, ten 
are ais 
; mz “wet” mical 
vically oc HM Spectroscopy is the way to rapid, of the cost of the same tests made by “wet” chemic 
inne @-cost chemical analysis methods. 
og Many types of photographic plates and films for 
ICK- d d 
the fibers fe are a few of the reasons why producers and Spectroscopy are described in the Kodak booklet, 
alter the Miicators alike use Spectroscopy for chemical “Materials for Spectrum Analysis.” Write for it— 
more MEE)SCS .. . Why it may be useful to you. it’s free. 
apressiov #® ‘20 “fingerprint”— detect, identify, and meas- EASTMAN KODAK COMPANY 
erties ol ; ’ . 2 2 ae 
rected by fe 2 a lash—elements which constitute only a Industrial Photographic Division 
s are the M™msandth part of a specimen. 3 Rochester 4, N.Y. 
bw mole needs no large specimens. It permits 8 to 10 
ngth but Myses per man-hour. It can be used successfully --— Mail Coupon for FREE Booklet --——————- 
ea a laboratory organization directed by a metal | 
fries 3 . ¢ « d 
as good. jet Or physicist. , Eastman Kodak Company 
ing Cal “7 , Rochester 4, N. Y. 
ae Sability to lower costs or production control is 3 : 
ugh ved . Please send me your booklet, “Materials for Spectrum Analysis. 
Temper: fad. Repeated checks of installations show that 
f testing @cost of spectrographic analyses is only a fraction 
- pectrographic analyses is only a frac | sat 
strength | 
ne 1946, Company Department 
ip 
i | Street 
‘HODS | 
r important function of photography City State _ 
| 
| 





Making 
hardness testers 
is a full-time job... 





Either a hardness tester is 
dependably accurate or it is 
worse than useless. 

For that reason it is inm- 
portant to you that Wilson 
has made nothing but hard-— 
ness testers for the past 25 
years — that over 355,000 of 
them have been made — that 
"ROCKWELL" Testers are in 
use throughout the world for 
specification purposes, 
checking materials and test-— 
ing parts. The durability 
of their accuracy has made 
"ROCKWELL" Hardness a uni- 
versally accepted standard. 


By concentrating on the 
job of making better hard- 
ness testers, we have been 
able to incorporate improve-— 
ments every year. Thus we 
can truthfully say that the 
new "ROCKWELL" Tester 
offered you today is the 
best "ROCKWELL" Hardness 
Tester ever made. 


ALS tel, Be lie bw. lieve 
INSTRUMENT CO., INC. 


AN ASSOCIATE COMPANY OF 
AMERICAN CHAIN &2 CABLE COMPANY, INC 
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BOOK REVIEWS 





Magnesium 

MAGNESIUM. By L. M. Pidgeon, J. C. 
Mathes, N. E. Woldman, J. V. Winkler 
& W. S. Loose. Published by the Ameri- 
can Society for Metals, Cleveland, Obio, 
1946. Cloth, 6 x 9 in., 265 pages. Price 
$3.50. 


This new book covers the extraction 
processes and production of magnesium as 
well as its working and fabricating. The 
five sections of this book are entitled: 


Magnesium—Extractive Metallurgy 

Magnesium Structural Design 

Magnesium Castings 

A Survey of Wrought Magnesium 
Alloy Fabrication 

Corrosion and Protection of Mag- 
nesium 


Each of these sections is a reprint of 
one of the five popular lectures on mag- 
nesium that were presented during the 
twenty-seventh National Metal Congress 
in February, 1946. As these lectures were 
concise yet thorough, this volume covers 
the field of magnesium and its alloys in a 
practical and valuable manner. 

The first, third and last sections include 
bibliographies. Well chosen illustrations 
and diagrams appear throughout and add 
value and interest to the book. 

Numerous tabulations of design data 
and engineering information on the im- 
portant alloys of magnesium are presented, 
and it seems unfortunate that many of 
these items are listed by the producers’ 
designation of the alloy rather than by a 
standard specification number. There are, 
of course, several reasons for this and it 
is hoped that our engineering philosophy 
will tend to emphasize standard specifica- 
tions and their increased use both in the 
manufacture of engineering materials and 
in reporting test data and characteristics. 

—R. §. BURPO, JR. 


American Arc Welding Patents 


AMERICAN ARC WELDING PATENTS. 
Edited by W. H. Simon. Published by 
Modern Technical Book Co., 55 W. 42 
St., New York, N. Y., 1945. Cloth, 9 x 
111% im., 574 pages. Price $40.00. 


This monumental work is divided into 
three sections—72 pages which index by 
subject the patent numbers and inventors 
or assignees for patents on electrodes, 
welding rods and alloys, fluxes, holders, 
shields, etc.; a second section indexing 
the patents according to inventors and as- 
signees; and the third section (about 450 
pages) giving brief abstracts of patents in 
numerical order with patent illustrations, 
filing date, duration and names of in- 
ventors and assignees. The period covered 
is Jan. 1, 1900 to July 1, 1945, but there 
is included a brief survey of patents issued 





before Jan. 1, 1900. 

An index of American welding , 
is in effect an index of world 
this field because of the leading 1, 
the American welding industry. This\ 
should be of inestimable value t , 
neers, designers and research worke 
well as patent attorneys working jy 
welding field. 

This volume is the first of a » 
which Dr. Simon plans to publish ove 
years. The succeeding sections wil] , 
equipment and machines and applicati 


—FRED PP 









































Elements of Ammunition 


ELEMENTS OF AMMUNITION. By 7) 
dore C. Hart. Published by Jobn wi 
& Sons, Inc., New York, 1946. Fabri 
6144 x 914 in., 412 pages. Price $8; 


There is all too little available in ly 
form on the technical aspects of ordna 
equipment. When war suddenly beag 
imminent, around 1940, everything ; 
quired for the modern army had w 
produced practically from scratch by » 
ple with no previous knowledge of { 
weapons of war. And what a “rat : 
it was! Shops in the jewelry manufac 
ing business started making bomb fus 
and air conditioning equipment produc 
found themselves in the armor pietcit 
shot business. Everywhere these peop 
with war contracts in their hands haunt 
the book publishers and searched throu 
libraries for books to get some fund 
mental information about the new pro 
uct which they were now making. Ge 
erally, they ended up with nothing bet 
than Hayes’ “Elements of Ordnanc 
which, for example, devotes two skim 
chapters to ammunition. So, these of 
nance novices had to learn the hard ¥ 
by trial and error and, consequently, 
mistakes which otherwise might have x4 
averted if a fund of basic ordnance lit 
ature would have been available. 

“Elements of Ammunition” is 20 4 
tempt to fulfill the need for a tune 
mental book on the\complex and int! 
esting field of ammunition. The 
ha§ succeeded in accomplishing this pul 
pose. It is written for the future begil 
ner in ammunition design and develo 
ment work. It is not for the advan 
and experienced ammunition man. 
must go. further for additional educatio 
to the many technical reports and pape 
which were written during the wat 

The book deals with the propertt 
description and characteristics o! thre 
varieties of ammunition: the conventiom 
older types in existence during Wo! 
War I, of which small arms and artille 
aminunition are examples; the types ° 
veloped between World War ! and | 
such as aircraft ammunition, improv" 
types of small arms, artillery and py" 
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nics ammunition; and the types de- 

4 primarily during World War II, 
o rocket ammunition, and the many 
: varieties Of all types of ammunition. 
re is an excellent final chapter on 
,jl-important subject of ammunition 
king. ; 

i; book will mot only serve as a 
and invaluable tool for the ordnance 
nee, but also should prove to be a 
venient and a definitive source of 















elding pal mation for all military and civilian 
tld Patenyll onnel interested in the subject ot 
ading tok nunition. 

ity. This hy —H. R. CLAUSER 
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t of a gimmpaYS IN PRACTICE. By Wayne T. 


lish over oull. Published by McGraw-Hill Book 
NS will call. Inc. New York, 1946.) Cloth, 6 x 9 
1 applicaigfme 615 pages. Price $6.00. 
ED P. PEMMBNot since Clark’s “Applied X-Rays” 
. a book of this caliber appeared on the 
iect of X-rays. It is comprehensive 
complete: it covers in considerable 
N. By Th si the whole range of X-ray knowl- 
John WifMMee from the mature and properties of 
6. Fabrik ays to their many and varied appli- 
Price $% ions. It is also an up-to-date book for 
lable in | indudes discussion on the most recent 
ADie In by : ‘ 
- of ordasalmmedinss and developments in the field 
ore supervoltage X-ray equipment, new 
ocean “Bplications of radiography, and modern 
y had > fpentum mechanics). 
atch by 9g The first half of the book deals with: 
ledge of 4 the history of X-rays, (2) the funda- 















entals of X-ray tubes, (3) the X-ray 
trum, (4) the generation absorption, 
bttering and diffraction of X-rays, and 
5) X-ray detection measurement, and 
gistration. The second half takes up 
¢ applications of X-rays. This includes 
chapter on the use of X-rays in the 
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This book was prepared in England 
der the joint direction of the Controller 
Chemical Research of the Ministry of 



















1 prt < and the Directors of Scientific Re- 
cod weal ® of the Ministry of Aircraft Pro- 
* ‘ton and of the Admiralty. The actual 
ypertic search tivities upon which this, book 
rare Pased were catried out at the labora- 
' i's of the Imperial Chemical Indus- 
NVENtONATR es yo ; 
= a The y rpose of this volume is to fur- 
# oa sh engineers with a general survey of 





*Tundamental properties of rubber. It 
‘been written in a manner calculated 
Pmake it of interest to a wide variety 
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of readers who might be interested in 
rubber engineering material. 

Contrary to the usual practice, an author 
index followed by a subject index are 
placed just ahead of page 1. Excluding 
the introduction, this volume is made up 
of four parts. Part 1, the Rubber-Like 
State, establishes the background for Part 
Il, The General Properties of Rubber. 
Part III is a short section entitled Rubber 
Technology, comprising a general out- 
line of the more important processes used 
in making rubber articles, some additional 
notes on the physical properties of syn- 
thetic and natural rubbers, and a few 
remarks about the bonding and molding 
of rubber compounds. Principles of the 
Design of Rubber Engineering Compo- 
nents is the last section of the book ex- 
cept for the Appendices, which give some 
of the theoretical bases for the action and 
characteristics of rubbers. 

This book has been printed by the 
“photo-offset” process and is a remarkably 
clear job; the only drawback to this 
process is that the half-tones are not very 
clear. Line drawings and graphs are lib- 
erally used, and references are listed at the 
end of each chapter. 

For both materials and design engi- 
neers, on one hand, and technical students, 
on the other, this survey of the engineer- 
ing properties of rubber will be of help 
and interest. 

—-ROBERT §S. BURPO, JR. 


ASTM Proceedings 


PROCEEDINGS, AMERICAN SOCIETY FOR 
TESTING MATERIALS (COMMITTEE RE- 
PORTS AND TECHNICAL PAPERS) VOL. 
45, 1945. Published by ASTM, Phila- 
delphia 2, Pa., 1946. Fabrikoid, 6144 x 
91% in., 1058 pages. Price $12.00 to non- 
members; free to members. 


In this volume are included the va- 
rious committee reports made during the 
year 1945, technical papers and their dis- 
cussions, summaries of symposia on mag- 
netic particle testing and adhesives, as 
well as a summary of the proceedings ot 
the Forty-Eighth Annual Meeting, the 
Annual Address by the President, and the 
Annual Report of the Executive Com- 
mittee. 

The technical papers and some of the 
committee reports are well illustrated with 
half-tones; both subject and author in- 
dexes are included. The Proceedings is 
published annually by the Society. 


. ROBERT S. BURPO, JR. 





Tue Inventors’ Macna Cuarta. By Edwin 
Hopkins. Published by Edwin Hopkins, 255 W. 
43d St., New York, 1946. Paper, 4% x 6% m., 


268 pages. Price $3.00. The: author of this 
pamphlet calls for the recognition of the basic 
rights of inventors and the rehabilitation of the 
Patent System with 25 new kinds of patents 
Numerous incentives are suggested to stimulate 
invention as are also plans for raising $12,000,- 
000,000 of hazard capital for developing and in 
troducing new inventions and for creating millions 
of new jobs. It claims to show how to put big 
business out of business and to do away with 


monopolies as well as how to depressurize the 
numerous pressure blocs which ‘“‘paralyze’’ Con- 
gress. Its 25 chapters cover many important topics. 











* MR. DESIGN ENGINEER: 


PROTOFORM has some 
new answers if... 


The problem of amor- 
tizing steel mold costs on 
‘short production runs di- 
verts your parts design 
from the materials you 
want to less attractive 
ones. 


MR. SALES ENGINEER: 


PROTOFORM has some 
new answers if... 


One or several proto- 
types of your blueprint 
brainchild executed in 
finished plastics would 
assist in gauging the mar- 
ketability of your product 
before ordering its pro- 
duction. 


MR. PRODUCTION 
ENGINEER: 


PROTOFORM has some 


new answers if... 


You are looking for low- 
cost precision molds for 
your fabrication of any 
low temperature, low pres- 
sure casting materials. 




















PERMANENT 


surface of the earth. 


B. Reflecting bed 
C. Seismometers 
D. Shooting Truck 





Seismometer assembly, showing 
magnet and bakelite bobbin at top. 


PERMANENT MAGNETS HELP REVEAL HIDDEN RESOURC 


Permanent Magnets, once as mysterious as the 
hidden riches that lie beneath the earth’s crust, 
now aid the geologist’s seismometer in exploring 
the unknown. Permanent magnets serve science, 
industry and medicine in modern precision con- 
trols. Silent and unseen, they contribute their 
“packaged energy” to the vital functions of radio, 
telephony, telegraphy, radar, and facsimile trans- 
mission. 

Millions of magnets serve us daily ... ranging 
in size from the tiny midget in the hearing aid to 


the giant radar magnet...each doing some job 


x THE INDIANA STEEL 


PRODUCERS OF “PACKAGED ENERGY" 


© NORTH MICHIGAN AVENUE * CHICAGO 2, ILL. 
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MAGNETS MAY DO IT 


Through the aid of the permanent 
magnet the seismometer searches for 
rich strata hidden deep below the 


A. Dynamite explosion 


E. Recording Truck 
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SPECIALISTS IN PERMANENT MAGNETS SINCE 1910 





§ VALPARAISO, INDIANA 
| STAMFORD, CONN. (CINAUDAGRAPH D'V.) 
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omotive Vapor Degreasers—The Phil- 
Manufacturing Co., 3475 W. Touhy 
». Chicago 45, has two new vapor de- 
asers specially engineered for the auto- 
tive and aviation industries. The one 
pdel, known as Duo, is complete with 
-dip tank, electrically heated vapor tank, 
trols and thermostat enclosed in an 
amelled metal cabinet with cover. It 
ans by dip, soak or vapor, or any com- 
nation of these, and is designed to handle 
ket loads or parts up to 12 in. in dia. 
The other model, known as Super, is 
ree enough to degrease complete motors. 
is completely contained, and has a pres- 
re spray hose for flushing stubborn grease 
d oil deposits, The model ‘also incor- 
brates a patented feature of reclaiming its 
wn dirty solvent automatically, by dis- 
lation. 



























ne-Dip Vapor Degreaser—A new stan- 
ard conveyorized one-dip concentrator has 
cently been introduced to the metal clean- 
g industry by the Detrex Corp., 14331 
Voodrow Wilson, Detroit 32. Called the 
DC-750, this degreaser is designed to 
egrease small miscellaneous screw ma- 
ine parts. The machine occupies less than 
} sq. ft. of floor space and measures 9 ft. 
? in. in height. 

The unit may be supplied with rotary 
bt a combination of rotary and flat baskets. 
hotary baskets are 10 in. in dia. by 20 in. 
n length. Work to be cleaned is loaded 
tone end of the degreaser, carried through 
¢ cleaning cycle, and is returned through 
he upper hood to the same end of the 
achine for unloading. The conveyor sys- 
‘m is complete with sprockets, shafts, 
ake-up device, speed reducer, and variable 
speed drive. All of the sprockets below 
the vapor line are zinc plated, as are all 
ktossrods and conveyor chains. 


Pe Lee aad . 
Mechanical Finishing Process—A new me- 


chanica finishing process for small parts, 
called Britehoning, has been announced by 
The Sturgis Products Co., Sturgis, Mich. 
It is offered to the finishing industry as a 
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A view of the one-dip vapor degreaser 
showing the details of the machine. 


mechanical method of processing small 
stampings, forgings, machined parts, ex- 
trusions, die castings and sand castings. 

The process is basically a tumbling 
method involving the use of mineral chips 
and suitable compounds for developing a 
fine semi-lustrous finish on practically all 
types of metal parts. It is suited as a pre- 
plating operation for finishing small zinc 
base die castings or brass stampings prior 
to bright nickel and chrome plating. Steel 
and aluminum parts can also be finished by 
the same procedure. 

Parts to be finished can be processed 
directly after the forming or trimming 
operation, providing the die marks or 
stretcher marks do not penetrate too deeply 
into the surface of the part. Die castings, 
if closely trimmed, may be processed as 
received from the trim die, but if the trim- 
ming is not close, a polishing wheel or 
abrasive belt cperation may be necessary 
to remove this prior to Britehoning. 

Britehoning can be used for the process- 
ing of items common to the automotive, 
builders hardware, and. plumbing goods 
industries as well as for sporting good:, 


Cleaning and Finishing Equipment and Supplies 


general hardware items, tools, etc. 


Inhibitor for Sulphuric-Acid Pickling—A 
new material primarily for inhibiting hot 
sulphuric-acid pickling solution has been 
announced by Oakite Products, Inc., 22 
Thames St., New York 6. 

A yellowish-brown, free-flowing powder 
with a density half that of water, the new 
material may also be used in mixed -sul- 
phuric-hydrochloric baths in which sul- 
phuric acid predominates. Applications 
possible include pickling many types of 
ferrous alloys and castings; hot and cold 
rolled steel; also where pickling is done 
prior to plating or phosphate coating or 
where zinc coatings are stripped. 


High Vacuum Coating Unit—An _ indus- 
trial high vacuum coating unit has been 
developed by the National Research Corp., 
100 Brookline Ave., Boston, Mass., to per- 
mit mass production of plastic or glass 
surfaces coated with metallic or low-reflec- 
tion films. The unit (No. 3103) should 
be of interest to the metal and plastic 
industries for decorative coatings and to 
the optical industry for optical coatings. 
The vacuum chamber is a stainless steel 
cylindrical tank, mounted horizontally, with 
a door at one end for loading. The inside 
dimensions, which limit the usable surface, 
are 48 in. in dia. by 48 in. long. Two 10-in. 
diffusion pumps, with a combined capacity 
of 6,000 C.F.M., are manifolded by a 14-in. 
high vacuum valve and backed by a 100 
C.F.M. mechanical pump to reduce the 
pressure in a clear dry tank from atmos- 
pheric to 5 by 10°* mm. Hg. in approx- 
imately 10 min. In _ production, with 
charges of plastic pieces, it is expected to 
run three complete coating cycles per hr. 
Filament power is fed into the tank at 
the top. Six feed-through seals handle three 
separate circuits, if desired. Thermocouple 
and ionization gages, located at various 
points in the system, indicate operating 
conditions. The central control panel con- 
tains gage, pump and filament power supply 
control for convenience of operation. 
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THERMOCOUPLE 
INSULATORS 


iehioc) gum alciehicte Mi a-le Males melsle 


olitlalel-teMlshioNdelloM deh i-t aude sil = 


out just as good as new 





Available only through GORDON, 
Servite Thermocouple Insulators are 
made to stand the gaff of excessive 
thermal shock far above normal 
requirements. 

For sturdy and reliable thermo- 
couple insulator performance to 
meet peak production needs— 
Specify Servite...a Gordon develop- 
ment backed by 32 years’ experi- 
ence in supplying industry with insu- 
lators that last longer and 
give better results. 






‘GORDON. 

>< SERVICE: 7: 

Servite Thermocouple In- 

sulators — in any type or size — 

can be supplied immediately from 

Gordon's large stocks in the Chicago 

and Cleveland Plants. Remember — 

you can always distinguish Servite 
Insulators by their tan color. 


Fish Spine Beads Asbestos String 
Asbestos Tubing Single Hole 
Double Hole Round Double Hole Oval 


CLAUD S. GORDON CO. 


Specialists for 32 Years in the Heat Treating 
ond Temperature Control Field 





Dept. 13 3000 South Wallace St., Chicago 18, iM. 
Dept. 13 7013 Euclid Avenue + Cleveland 9, Ohio 
738 





Enamels for Metal Coating—Enamels, for- 
mulated with a modified synthetic rubber 
base which are chemically resistant, air- 
drying, high-glass finishes, are now being 
manufactured by Maas & Waldstein Co., 
438 Riverside Ave., Newark 4, N. J. Avail- 
able in most colors, these enamels, desig- 
nated Coprene, can be used on steel and 
most other metals, as well as other products 
requiring a chemically resistant, air-drying 
or baking finish. These enamels are also 
made with metallic powders to produce 
metal-like coatings and finishes resembling 
beaten metal. 

A new lacquer enamel which air dries 
to prism-like formations has also been an- 
nounced by the same company. The coat- 
ing, named Prismlac, is for use on glass, 
steel, aluminum, brass and copper. It can 
also be used on closed grain wood, such 
as birch and maple. 


The core-plate enamel tester measuring the 
insulating value of enamel coating on 
sheet steel. 

































Core-Plate Enamel Tester—A New ¢ 


plate enamel tester designed for me. to >” 
the insulating value of enamel cogti,, wo 
sheet steel or steel punchings has he. essible 
nounced by the General Electric Co, P pring loa 
nectady, N. Y. Consisting of a test 3 ABN 
a hydraulic press and a contro! unit stl 
tester provides a standard for Measuring = 
insulating quality of enamels. The ino, tl 


ment is especially useful for testing 1 
cores as it simulates the conditions of ,,. 
ing and pressure which may exist in q ,, 
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Machine Too! Equipment The 


Vertical Boring Machine—A new vertical 
boring machine for precision, rough and 
finish boring of large cylinders up to 40 
in. in length and 6 to 8 in. in dia. is 
announced by Giern & Anhboltt Tool Co., 
1320 Mt. Elliott Ave., Detroit 7 

The machine, identified as the TR model, 
has rigidity and accuracy with the spindle 
piloted directly above the work in a Gatco 
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machin 
flat rot 
tight | 
molds, 


sealed rotary bushing. It is equipped » 
bore cast iron, steel or nonferrous tubs 
using multiple blade boring cutter. 

The machine is hydraulically operat 
and has a feed on 8-in. LD. tubing of ‘ 
in. per min. in roughing and 44 in. w 
5 in. in finishing. The power requirement 
on the operation is approximately 10 bp 
Adequate coolant provisions are incorp 
rated with the direct flow of the coolas 
over the cutter for the entire depth of th 
cut. Fixture is of the self-equalizing tyr 





























Milling Machines—A new medium siz 
knee-and-column type milling machine bi 
been announced by the Cincinnati Millin 
& Grinding Machines, Inc., Cincinnati 9 
Designated as No. 2 MI, the machine ’ 
powered by a 5-hp. motor, and built 
plain, universal and vertical styles. Thee 
machines have wide. speed, and feed ratios 
of 60 to 1 and 120 to I, respectively. 

Sixteen spindle speeds, ranging from 2) 
to 1500 rpm., are changed with a singl 
crank type control. The crank operates! 
hydraulic selector valve, while the actu 
work of shifting gears is performed by 
draulically. ‘While the spindle is rotating 
a safety interlock prevents the speed chang 
crank from being moved. 

Feed rates are changed in the same mat 


trol 


ner as the speeds. There are 16 feed 


This vertical boring machine is particu 
suitable for use on large cylinders. 
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«o 30 in. per min. The main drive 
ich is a single disc dry plate unit, with 
essible adjustment. A multiple disc 
sring-loaded rake, operated by the dis- 
gaging action of the starting lever, stops 
spindle instantly when the drive clutch 
‘sengaged. 

oo ways and parts within the saddle 
nq housing are lubricated by a ‘manual 
essure OF “oil-shot” system built into 
. saddle. Arbor support bearings are 
tomatically lubricated by a gravity sys- 
». from self-contained dust tight reser- 
ret All reservoirs have their own indi- 
‘dual glass sight level gages. 
Many attachments are available, partic- 
arly for horizontal machines. These include 
cular milling tables, several types of 
ertical and universal spindle attachments, 
sotorized overarm, and manual controls at 


e rear operating position. 


Flat Lapping Machine—A new machine 
lesigned for high-speed precision flat lap- 
ing of single parts or production runs 
§ hardened steel, quartz, glass and parts 
; being produced by Spitfire Tools, Inc., 
D933 N. Pulaski Rd., Chicago 41. 

The machine finishes pieces to a high 
lish and precision flat finish and size; 
it is possible to obtain a surface finish of 
2 rms. microinches. Single pieces ordinarily 
require no holders, chucks or collets. The 
operator lays the piece on the revolving 
circular lapping plate and directs its motion 
with his hands. Production lapping of 
large quantities of small parts can be done 
by use of standard or special holders to suit 
the particular requirements. 

The machine has many uses, among 
which are the precision flat lapping of 
machine and tool parts, flat sliding surfaces, 
fat rotating surfaces, air-tight and liquid- 
OR tight seals, and flat surfaces on plastic 

molds, die casting molds and drawing dies. 
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finishes as fine as 2 rms. microinches 


bossthle with this flat lapping machine. 


SEPTEMBER, 1946 


are 


Turntable Fixture for Tapping Units— 
The Pond Engineering Co., Springfield, 
Mass., has designed an automatic control 
unit for converting hand-operated tapping 
units to automatics to increase the produc- 
tion rate of many small parts. 

Indexing, locating, clamping, tapping 
and ejecting are all accomplished on a turn- 
table fixture, which is actuated by the con- 
trol unit. Different pieces can be handled 
on this same machine, by changing the 
holding blocks on the turntable. Combined 
operations are possible. 

The equipment is primarily a contrel 
unit with a 1-cycle, airclutch-operated cam 
shaft, powered by a ¥%4-hp. motor. A min- 
imum of 70-lb. air pressure is required. 
Four air valves are standard equipment, but 
additional valves and mechanical cams can 
be added. Cycle speeds are adjustable from 
2 sec. to 1 min., depending upon the op- 
eration performed, but longer cycles are 
available on special order. The frequency 
and duration of impulses per cycle are ad- 
justable on the air valve cams. 


Drill Press Converter—Any size or make 
drill press can be converted to perform 
filing, cutting, sawing or slotting opera- 
tions through use of this converter unit, 
manufactured by Leo G. Brown Engineer- 
ing Co., 1157 Riverside Dr., Los Angeles, 
Calif. 

Mounted between two pre-loaded ball- 
bearings is a solid steel cam, which con- 
verts the drill press rotary action to a ver- 
tical reciprocating action. The main housing 
is a Durometal casting with bronze sleeve 
insert for bearing surface. The cam roller 
is- hardened tool steel. 





This picture shows the continuous feed 
facing head mounted on the boring bar of 
a floor type horizontal boring machine. 


Boring and Facing Attachment—Contin- 
uous feed facing and boring head manu- 
factured by the Giddings & Lewis Machine 
Tool Co., Fond du Lac, Wisc., is designed 
to simplify a variety of boring, turning, 
grooving, recessing and threading operations. 

This attachment may be mounted either 
on the spindie sleeve of this company’s 
horizontal boring machine headstock or, 
with suitable adaptor, on a line boring 
bar. When the unit is placed on the head- 
stock, the machine spindle extends through 
the attachment head and operates either 
independently or simultaneously with the 
head. By combining machining operations 
in this way, overall production time can 





Are You Using Just 
Any Soldering Flux 
Or Are You Using 


A CRANE FLUX 


Suitable For Your 
Specific Job? 


Crane’s many, varied Fluxes 

for all types of Soldering 

make your job easier and 
faster. 


Below are a few of the most pop- 
ular Crane Fluxes and recom- 
mended uses: 


NO. 1—NO-ACID. Used princi- 
pally on brass, copper and steel. 


NO. 2—A trifle stronger than 
No-acid. Used principally on 
brass, copper and steel. 

NO.5—ACID TYPE, extra 
strong. For stainless steel, monel 
and nickel silver. 


NO. 9—RESIN TYPE, non-cor- 
rosive. Used principally on brass, 
copper and tin-coated metals. 


NO. 9-A—RESIN TYPE, non- 
corrosive. Slightly stronger than 
No. 9. Used extensively on Cord 
sets. 


NO. 10—SOLDERING SALTS. 
Used principally on brass, copper 
and steel. 


NO. 13—SOLDERING PASTE. 
Used principally on brass, copper 
and tin-coated metals. 

NO. 14—HEAVY, NO-ACID 
TYPE. Used principally in solder- 
ing steel flexible shafts, cables and 
magnetic wires. 


CRANE also makes special Fluxes 
where special conditions prevail. 


A representative of the Torrey S. 
Crane Co. would welcome an op- 
portunity to inspect the conditions 
under which the Flux will be used 
and to recommend a selection. 
There is no obligation in request- 
ing our advice on both SOLDERS 
and FLUXES. 


Write for our 36-page catalog, contain- 
ing graphically illustrated information 
which should be available to every user 
of solders and fluxes. 








TORREY S. CRANE CO. 


PLANTSVILLE, CONNECTICUT 
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This time it is for The General 





Fireproofing Co., Youngstown, 
Ohio in connection with alumi- 
num trim on their extensive line 
of office furniture of which the 
Super-Filer, as illustrated, is typi- 
cal. A Lea Method with Lea Com- 
position is doing an effective job, 


producing a fine satin finish. 


Hundreds, even thousands, of metal fabricators have 
turned to LEA for the solution of post-war finishing prob- 
lems. Many of them were pre-war as well as war-contract 
customers. They appreciate that Lea Technical Service 
and Lea Compositions lead the way to better finishes at 


a lower cost and speed up production. 


If you have a finishing operation in your production line, 
consult LEA. Lea’s Finishing Engineers are ready to 
assist you. Send samples, if possible. 


THE LEA MANUFACTURING CO. 


| \\6 CHERRY AVENUE e WATERBURY 86, CONNECTICUT 


9-LM-3 
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often be reduced. 

If the continuous feed facing hea | 
used with an adaptor and mounted ‘ol 
line boring bar, machining hard-toteas 
surfaces is simplified. The attachmen 
helpful in machining workpieces tha, - 
large and cumbersome and that canng be 
easily reset. 

A few typical applications for thi; Py 
tachment are: (1) for large open ani 
blind hole boring beyond the rang. P 
standard boring tools; (2) for trunnion, 
stud or similar turning operations; (3) 
for internal machining of forging dies, (4) 
for machining both sides of a workpieg 
simultaneously using two continuous fe; 
facing heads, one mounted on a borin 
bar, the other on the machine spind 
sleeve; (5) for internal and external grinj. 
ing operations using a special grind 
mounted on the tool slide. 


Milling Cutters—A new inserted too) 
carbide cutter, with blades interchangeab), 
for any type of milling job, is being intr. 
duced by the Wendt-Sonis Co., Hannili| 
Mo. The cutter is readily adaptable , 
standard machinery. 

The new cutter has an added safety {e:. 
ture in the special type wedge, whic 
prevents blades from slipping out while ;: 
operation. When blades need sharpenin 
they may be easily removed from ty 
cutter body and ground on an ofdinan 
bench grinder. No special equipment ;; 
required. 


The Lovejoy Tool Co., Springt 
announces a new face mill. Called the Cus. 
all, it is a tool-bit-type mill with cemented 
carbide blades. The housing is built to take 
either left- or right-hand blades. It holds 
the blade face slightly back of center « 
that positive and negative radial rake can 
be obtained from the same blades. 

Blades are tipped with either of tw 
grades of Carboloy cemented carbide; on 
for cutting steel and one for cutting 


iron ana nonrerrous metais 


Magnetic-Field Gage 
for Magnetic Particle Inspection 


A new magnetic-feld gage, which ind- 
cates the relative strength of the magnet 
held in parts that are being examined [0 
flaws by the magnetic-particle method 0! 
testing, has been announced by the Genera 
Electric Co., Schenectady 5, N. Y. 

The new instrument is especially use! 
for testing large castings and 
which it is difficult to calculate the it 
intensity at various points from the current 


ro;ng { 
Orgeing 


tional areas. 
In testing parts for flaws with the mag 


netic-particle method, a magnetic 


first set up in the part. Then magnet 
particles are distributed over the surfiat 
} 1 shece line nn ny 
f the part, and these line up 2 é 
rack or flaw. However, it 1s poss 
ete o be present even thous 
ndirared he the macnet marticies if te 
hkaicareéad Dy the Magnetic parce 


mawnetic field is not strong enoug" © 
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The wand in the welder’s 
hand is a shielded arc electrode made of 
Riverside Phosphor Bronze. It is manufactured by one of 
Riverside’s customers, whose name has been synonymous 
with scientific achievement in arc welding for more than forty 
years. Almost like a magic wand, the electrode, when properly employed 
unites copper, brass and many types of bronzes which are difficult to braze. 


Phosphor Bronze is also used for building up and filling in bronze castings and 
surfaces of steel or cast iron. It leaves a dense high strength deposit of uniform 
structure. It is strong and non-corroding under widely varying temperatures and pressures, 


Riverside produces Phosphor Bronze in many alloys, three of which— 
Grades “A”, “C”, and “D” are adaptable to welding. Any one of these alloys may be 
the specific solution to your problems and serve to retain the good will of your customers. 
Write for literature, today, also get complete information about Nickel Silver and Beryllium Copper. 


INSIDE RIVERSIDE—ou,- customers asked us to solve @ serious problem. They were 
losing too much "‘down time” on their equipment because of small welding rod coils. It was 
imperative that the size of the coils be increased. Frankly, we did not believe we could 
crack this tough problem, but in jig time our engineers conceived and developed an original 
methed for handling large heavy coils. We now supply these and everybody is happy. 
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What's the big 
LD.9 


The big I. D. in this case is 104 inches... 





big enough to cause more than casual 


comment when King bent it for the Har- 


dinge Company. The stiffener ring in the 
center of the shell and the bolting flanges 
are the King components which help to 
make this rotary cooler for roasted and 
calcined material so efficient. Send for 
your copy of a single sheet setting forth 


succinctly King experience The 
Y g P ’ King crown 


is doffed to 
Hardinge 
. ‘ Cc , Inc. 
rials and |. D.’s. The swing Prvesrue A re 
; : : the photo and 
is to King for superior information. 


: Many thanks, 
welded rings and flanges! _ sirs. 


ING company 


2925 N. Second Street, Philadelphia 33, Pa. 


ability and scope of mate- 




















































bring out the particle pattern, and 
identical flaws will appear as differen 
sizes and thus give inconsistent resy)), 

The magnetic-field gage assures q 
netic field that is sufficiently strong to b,j, 
out the particle pattern, so that defect 4 
the same size give similar indications 
giving a direct indication of field ser 
it permits standardized testing at fixed field 
intensities. This gage measures both 
alternating-current and direct-current field 
strength. 

The instrument consists of a gage he, 
which is permanently attached to a {gj 
strength indicating unit. The head q», 
sists of small coils wound around a U-shaped 
laminated metal core mounted in a plagi: 
handle. Pole shoes are attached to the end 
of the core, and these make contact wit, 
the piece being tested. 

In operation, the pole shoes are place; 
in contact with the test surface. Direct ¢, 
alternating current is then applied to th 
part in accordance with the regular ma. 
netic-particle method. The current js jp. 
creased or decreased until the magnetic. 
field gage indicates the desired field unix 
for the particular test. 


The magnetic-fleld gage being used 
indicate the relative strength of the ma; 
netic field in a large metal part 


Grid Bearings 


Grid bearings for heavy load applications 
such as connecting rod and main bearings 
have been placed in production by P. 
Mallory & Co., Inc., Indianapolis, Ind. The 
bearings consist of a steel backing lined 
with gridded silver or copper. The inden- 
tations are filled with lead. 

Actual ‘tests have shown that grid typé 
bearings compare favorably. with othe! 
bearing materials in the basic bearing prop- 
erties, namely: score resistance, fatigue '¢ 
sistance, corrosion resistance, and embec- 
dability. 

Grid type bearings have been tested i0 
a great many applications with satisfactor| 
results, and they have been used in pio 
duction in a number of cases, although they 
were not developed soon enough to be 
used extensively during the war. 

One of the most striking applications W4 
in a small radial aircraft engine adaptt 
for use in tanks. This engine had been d¢ 
signed to use copper-lead master rod ane 
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The drawing shows how to build a refractory flat 
arch without buying high-cost special shapes, with- 
out using a complicated suspension system. With this 
method, a flat arch of Reinforced Refractory Con- 
crete can be designed to cover any reasonable span. 


After setting reinforcement, a slab of Refractory 
Concrete is cast in place. The concrete is made with 
LUMNITE and a refractory aggregate—such as 
crushed firebrick. The concrete mix is designed 
according to temperature and insulation require- 
ments. LUMNITE, the cold-setting binder, insures 
high structural strength within 24 hours of placing. 


Precast panels of Reinforced Refractory 
Concrete can be used to build furnace walls and 





A Simple Way to Build Flat Arches 


—FOR INDUSTRIAL FURNACES 


roof arches. The panels can be cast with reinforcing 
in place, ready for convenient erection. 


Principles of designing Reinforced Refractory 
Concrete and several practical methods of reinforc- 
ing are discussed in the booklet, “Structural Design 
of Refractory and Heat-Resistant Concrete.”’ For 
your copy write: 


LUMNITE DIVISION* 


Universal Atlas Cement Company 
(United States Steel Corporation Subsidiary) 


Chrysler Building New York 17, N. Y. 





*Formerly The Atlas Lumnite Cement Company 


LUMNITE ‘o REFRACTORY CONCRET 
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main bearings, which operated satisfacr.,: 
in aircraft, but when used in tanks, 
the great quantities of dirt and sand 
entered the engine, the bearings wore . 
much in a few hundred hours thar 
had to be replaced. When silver grid bes, 
ings were installed in these engines, the 
bearing life was so increased that in 
cases the bearings outlasted the machin. 
These bearings operate at a load of appro, 
imately 3,000 psi. and at a maximum Speed 
of 2400 rpm. against a hardened stee! shah 
of 275 to 300 Brinell. 


due to 
Which 





A MIXES LIKE beta” Electronic Mi t 
pe. ceadbon a ectronic Micrometers 
fe TL) Carson Micrometer Corp., Newark, N. J, 
Dogars: announce production of four redesigned 
4 POURS LIKE a | models of their electronic micrometers {o; 
precise thickness measurement in the shop 
CONCRETE or laboratory. A feature of these mode; 
is the electronic circuit used in conjunction 
with the micrometer screw thread. Fle. 
tronic discrimination thus replaces the 
human sense of touch, and accurate read. 
ings to 0.00005 in. on production testing 
lines are said to be possible. 

These instruments will measure thickness 
of compressible or non-compressible mat 
rials as well as conducting or non-conduct 
ing materials. Their precision is unaffected 
by variations in temperature, line-voltage, 
vibration or aging of electronic tubes. Units 


¥ T are portable and weigh but 20 Ib. complete. 
we # AD o wat Ge 4 Model L, designed for pressureless mea- 











surement of conducting parts, is being used 
for inspection, sorting, grading and mea- 


' oe surement of machined parts, ball bearings, 
rR. ® radio tube grids, small assemblies and depth 


of counterbore, as well as deflections 





: diaphragms and springs. 

OU can cam special refractory shapes | Model M was developed for measuring 
in your own plant with quick-hardening diameter and out-of-round condition of 
Firecrete. It’s as easy to handle as concrete fine, soft-annealed wire. It will registe 


...and shapes are ready for use in one day! ) | precise dimensions of paper, ribbon, strij 





Firecrete, on hand reduces outage hours shetndenitbe Sian aii aia 

and, therefore, holds down production | | Model W is fot peessuteless measure 
costs. Spalling and shrinkage due to drying i | ment against conducting surfaces, used in 
and firing are negligible. Try it yourself... the laboratory measurement of deflections 
an rift in springs, diaphragms, bi-me 
for f nd bottoms, door | d drif diaph bi-metal 
tec ee oa ” , : elements, bellows, and similar applications 
linings, baffle tile, burner rings and other 


requiring measurement without pressure 
types of monolithic construction. Model S is for production testing o! 


: | ion and compression springs; set testing 

Three types: STANDARD, for temper- tension an 
, % of diaphragtns and metal \ bellows, flat 

pig 90 hayek r in sags springs and thermostatic elements. 

to ; LW. (lightw . , 

ductivity), for temperatures to 

2400 F. Write for Folder 17A, 

Johns-Manville, Box 290, New 

York 16, New York. = ee ! 
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X-Ray Diffraction Camera 


ee ee 








Availability of a new X-ray diffs 


| camera which permits study of minute se 
° | tions and the charting of changes ove! 
0 NS agnvi eG | microscopic areas has been announced > 
| North American Philips Co., Inc., 100 


The Standard in Castables 6 Faas 42nd St., New York. This new instrum 
ans in ita Lal iad i le is especially useful in research laborato' 
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se Combustion Catalog ¢ 


: HIS new Surfa | 
- detailed specifications of a wide rangi 
um furnaces for all types of heat treating -am 


dustrial heating processes, including maft 
of engineering data in the form of curves 
ons and tables. It has been prepared for mefe 
heat treaters, engineers, and other indus 
nace users. 


ing A copy of this useful publication is available to 
” those who request it on their company’s letter- 


head. 


STANDARD AND SPECIAL INDUSTRIAL 
¥ FURNACE EQUIPMENT FOR: 










Forging, Normalizing, Annealing, Hardening, Drawing (Di- 
rect Fired and Convection), Carburizing, Nitriding and Heat- 


yet 
ing, Special Atmosphere Generators. Write for bulletins. 


F 14 4 / 
. SURFACE COMBUSTION CORPORATION TOLEDO- 1, OHIO 
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BARRETT STANDARD 
ANHYDROUS AMMONIA 


Barrett Standard Anhydrous Ammo- 
nia is made by combining Nitrogen, 
extracted from the air, with Hydro- 
gen. These two gases are freed from 
impurities, before combining, to pro- 
duce Anhydrous Ammonia of the 
highest purity obtainable. 


Barrett Standard Anhydrous Ammo- 
nia is available in two grades: 
REFRIGERATION GRADE, guaranteed 
minimum 99.95% NH3; and com- 
MERCIAL GRADE, guaranteed mini- 
mum 99.5% NH3. Both grades are 
shipped in tank cars with a capacity 
of approximately 26 tons of NH3. 
REFRIGERATION GRADE only is 
packaged in 25, 50, 100 and 
150-pound standard-type cyl- 
inders and in 100 and 150- 
pound bottle-type cylinders. 


Barrett Standard Anhydrous Ammo- 
nia must pass rigid tests for mois- 
ture, non-condensable gases and 
other impurities, before release for 
shipment. Cylinders and tank cars 


are thoroughly cleaned and in- | 
spected, upon return to the plant, | 


before reloading. 


Barrett Standard Anhydrous Ammo- 
nia is stocked in cylinders at 64 
points conveniently located from 
coast to coast. The advice and help 
of Barrett technical service men are 
available to you for the asking. 


Barrett standards of purity | 
and service make Barrett 


Standard Anhydrous Ammo- 


nia your best source of NH3. | 


THE BARRETT DIVISION 


os ALLIED CHEMICAL & DYE CORPORATION oe 


40 RECTOR STREET, NEW YORK 6, N. Y. 


Sree: 


An interesting and 
helpful booklet, 
packed with useful 
information about 
Anhydrous Ammo- 
nia, will be mailed 


fo you on request. 








Designed to fit the Norelco X-ray diffra. 
tion unit, the camera comprises a precigin, 
machined body which is removable § 
its carriage for loading. Special features 
permit removal and replacement Without 
loss of alignment. 

Two specimen holders are provided, 
comprising a special positioning and 
sioning device for fibres, narrow strips oe 
similar objects. The other holder utilizes 
a flat plate insert to accommodate micro, 
tomed sections, etc. A special film cassette 
with beam stop is provided and a hog 
connection on the body permits gas filling 
or pressure reduction. 

Accessories include an additional smalle, 
pinhole system, ring adaptor to be used og 
microscope when adjusting specimen jp 
camera, extra spacing insert for film qs. 
sette, adjusting wrenches and film punch 


Rotating Pan-Type Mixer 


A new rotating pan-type mixer has beep 
developed by Ransome Machinery Co., 140) 
S. 2nd St., Dunellen, N. J., for a variety 
of uses in industries requiring mixing, 
blending, tumbling, polishing, finishing, 
and similar operations. 

The rotating pan is motor-tilted and mo- 
tor-rotated at constant speed. A _ variable 
speed drive can be furnished where mate- 
rials handled require the rotating speed to 
vary. The pan is of all metal construction 
with joints welded and ground smooth. 
For mixing or blending two or more in- 
gredients, mixing blades are added as neces- 
sary, to assure thoroughly mixed, uniform 
batches. 

With a 135 deg. tilting range, materials 
are completely and cleanly discharged from 
the rotating pan. Safety limit switches are 
installed at the two extreme ends of the 
tilting range. The unit is operated by te- 
mote push-button control. 


This mixer is useful for such operations 4 
mixing, blending, tumbling and fimssbiné. 


MATERIALS & METHODS 
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STANDARDIZE WITH St audara 


Fabricated Tubular Parts for Mechanical, Pressure and Structural Applications 


With every year that passes, more and more 
manufacturers of products calling for 
ELECTRIC WELDED STEEL TUBING 
are discovering the advantages of specify- 
ing the “Standard” brand. They find that 
our wide variety of shapes and sizes, plus 
our facilities for high speed production 
afford them the means of getting the kind 
of tubing they want—when they want it. 
And they find that our interested and will- 
ing cooperation in the solving of special 
tubing problems helps them make their 
products quicker and at lower cost. These 


same advantages are available to you. If 
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you are looking for a source of high qual- 
ity ELECTRIC WELDED STEEL TUBING 
it will pay you to investigate our experi- 


ence and facilities. 


' 
| THE STANDARD TUBE CO. | 


"1 A 
Detroit ) ary Michigan 
. 


Welded Tubing R 
ee 


Stee! Forgings 


* Complete Tube Stocks Maintained by * 
STANDARD TUBE SALES CORP., One Admiral Ave., Maspeth, L.1., N.Y. 
LAPHAM-HICKEY COMPANY, 3333 W. 47th Place, Chicage 32, Il. 
UNION HARDWARE & METAL CO., 411. First St., Los Angeles 54, Cel. 
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High Speed Furnaces 


GAS FIRED 
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Model HG1218 High Speed Furnace 
with synchronized atmospheric control. 


For simplified heat treatment 


of high speed steels use 
“AMERICAN” atmospheric control. 


American Electric Furnace Company 


29 Von Hillern St. Boston, Mass., U.S. A. 
Industrial Furnaces for All Purposes 


' 
i 
} 
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Machine for Grinding Sand Core Fars 


A portable production machine for o-: 
ing sand core faces before pasting 
together and thus producing a unif. 
accuracy not possible by hand filing % 
scraping of cores has been announced ) 
D. J. Murray Manufacturing Co., W 
Wis. 

The machine will handle a large , 
of core sizes and is furnished complete yj 
l-hp. motor. It requires floor space fo 3 
ft. by 5 ft. for operation. The grinding hes 
is adjustable and locks firmly in any posi 
tion. Small cores can be mounted ip ; 
tiples in gang fixtures, so that it has a 
daily capacity on cores of one run, or it oy 
be changed over for small runs of varigy 
cores. , 

Mounted on large casters, it is a portahk 
unit that can be placed in any position » 
any part of the core room. i 
clearance between face of the table anj 
face of grinding wheel is 18 in. 























SAND Cone 
COMING OUT arrEe 
GRINDING OPERATION 


A large range of core sizes can be handle 
in this sand core face grinding machin. 


Heavy-Duty Selenium Rectifier Stack 


Improvements in the design and efficieng 
of selenium rectifiers, incorporated in # 
heavy-duty stack, are announced by Federal 
Telephone & Radio Corp., Newark, N. } 
This new selenium rectifier stack is said 
to be the only stack currently available that 
has a double studs, center contact construc 
tion and 26-volt plates. 

Employing rectangular, square-cornered 
plates instead of the round type, the ne# 
stack is designed to mount either in a ve 
tical position or in a horizontal positio®, 
thereby affording improved and unob- 
structed circulation of air for plate cooling 
One of the new rectangular plates mot 
than takes the place of two of the 478-@ 
dia. plates. . 

The uses for this stack include such fields 
as arc welding, aviation equipment, cathodic 
protection, electroplating, and anodizing. 


MATERIALS & METHODS 
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JOHNSION 


CAR TYPE 


FURNACES 


DESIGNED for MORE 


JOHNSTON “Reverse Blast” 
Low Pressure Burners assure 
clean, efficient heat. JOHNS- 
TON Valveless Automatic Con- 
trollers provide accurate regula- 
tion of fuel to produce even 
furnace temperature. 


Oil or gas fired. Ample cham- 
ber above top of charge for equali- 
zation of gases. Streamlined 

i . Heavy steel frame steel- 
cased construction. Roller bear- 
ings for car axles and door hoist 
shafts. Many other practical 
features. 


Write for Bulletin MA-240 


AEE? 


a THE 
JOHNSION 
LINE i 


2 . 
®noao'* 


°. 


EFFICIENT HEATING 


Double End Furnace 


MANUFACTURING CO. 
iy 2825 EAST HENNEPIN AVE 
MINNEAPOLIS 13, MINN 


ENGINEERS & MANUFACTURERS OF INDUSTRIAL HEATING EQUIPMENT 
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eo) Bane 


Johnson's special alloy coated wire 
003” to .080”. Created during the 
war and perfected by recent re- 
search gives better than two to 
three times rust resistance of tin. 
It has a smooth bright satin finish 
which in addition to corrosion re- 
sistance acts as a lubricant reduc- 
ing tool wear. Will not flake or 
peel... . withstands temperatures 
up to approximately 700° Fahren- 
heit. Used successfully where 
extreme acid and gasoline fume 
conditions exist. Physical properties 
of this wire are not affected by this 
special coating. A major improye- 
ment upon which there are no 
restrictions. 


WORCESTER I, MASSACHUSETTS 


CHICAGO 


LOS ANGELES 











Tube Bender 

This new model tube bender manyj,. 
tured by Leonard Precision Prod uct; Cy, 
1100 Larson Ave., Garden Grove, (ji: 
has a capacity of ¥-in. to 1Y-in. ferroy; 
or nonferrous tubing. It is hydraulicalj 
operated. From 1 to 10 bends may be al 
in a single length of tubing with one ser; 

This new unit is designed for any pry. 
duction bending operations requiring my), 
tiple bends per tube and duplicate pan, 
such as steel furniture frames, air condition. 
ing, refrigeration, automotive and aircrss 
tubing. 


This picture shows the tube bender in th, 
process of shaping a piece of tube 


Equipment for Measuring Surface-Finish 


The Brush Development Co., 3405 Per- 
kins Ave., Cleveland 14, has announced : 
new model instrument (Model BL-103 
Surface Analyzer) for measuring surface- 
finish. It can be used to check surface fin- 
ishes from less than 1 to 5000 microinches 
Exploration is done with a fine diamond 
point, and a chart record can be made of 
the surface finish on a direct-inking osci- 
lograph. 

Accessory equipment includes a metet, 
which provides a visual check of “RMS’ 
surface roughness where chart records are 
not needed. Some of the uses of this i0- 
strument are measuring surface finishes 0! 
metals, glass, plastics, paper, plated and 
painted surfaces. 

The Physicists Research Co., Ann Arbor, 
Mich., announces a new reading recorder! 
for those who need a written record of the 
surface roughness measurement of a patt. 
Operating as an. attachment to the com- 
pany’s instrument for measuring surface- 
finish, the Profilometer, it provides a cot 
tinuous chart record of the average rough: 
ness of the surface being measured. 

The charts, which are read in mice 
inches, are useful in obtaining more de 
tailed information on surface roughness, 
such as the location of rougher or smoother 
areas, and in supplying customers with 
records of the surface finish on parts de 
livered to them. 


MATERIALS & METHODS 
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What Kind Of 
Resistance Welding Holder 
Do You Need? 
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Chances Are You'll Find It a “Standard” in This Catalog ! 


Why spend extra time and money designing special resistance welding holders 


when the equipment you need is probably available as a Mallory standard 
stock item. 


Mallory has spent many years simplifying, streamlining, and standardizing 
welding equipment and developing special alloys for electrodes and holders. 
Its Standard holders and electrodes are so designed that they meet nearly 
all resistance welding requirements. Even heavy duty holders for high pres- 
sure applications are now manufactured as standard items. All are water- 
cooled and made from high-strength copper alloys. 


How do you find the holder you want? Simply by checking the Mallory 
Resistance Welding catalog. A copy is yours for the asking. For special appli- 
cations involving unusual mechanical and electrical characteristics, Mallory 
engineers are at your service. 





In the United Kingdom, made and sold by MALLORY METALLURGICAL PRODUCTS, LTD. Write today for “Mallory Resistance Welding 
(an associate company of Johnson, Matthey & Co., Ltd.), Hatton Garden, London, E.C. }. Electrodes and Alloys.” Tk contnine everything 


you want to know about Mallory Standardized 
resistance welding equipment—electrodes, holders, 
replacement parts, electrode materials, seam weld- 
ing wheels, flash and butt dies, alloy applications. 


SAVE BY SPECIFYING OR 
BUYING MALLORY 












MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 











EVERY colorimetric determination reported in 
the 80-page booklet 


SYMPOSIUM ON ANALYTICAL 
COLORIMETRY AND PHOTOMETRY 


Sponsored oy A.S.T.M. Committees 
-2 and E-3 


Presented at the Forty-seventh Annual Meeting, 
American Society for Testing Materials, New York, 
June 28, 1944 





may be done on the new simplified 


coLEMAN JUJNIQR srectropnotometer 


See Page 726, “Spectrophotometers versus Filter Photometers.” 
Copies of this comprehensive report are available for $1.00. 


Coleman Spectrophotometers replace all filter 
photoelectric colorimeters as ANY band is available 
with the turn of ONE knob. The FTUNIOR 
is a true Spectrophotometer so extra filters are 
not required . . any wave band is available 
from 400 to 700 mm. at the turn of the selector 
knob. Accepts test tubes from 10 mm. to 1” 
diameter. 


FREE—we will gladly send NEW water and 
steel analysis procedures by Dr. Max Herzog, Frisco | 
Railway laboratory ... and the Combined Me.hod | 
of Steel Analysis by W. H. Sobers of Chain Bel: ! 
Co. Write Dept. MM-9 for your copy. ~ 


Il me 
N\A Secs ee 


111 NORTH CANAL STREET e CHICAGO, ILLINOIS 





=e Plugs 
Into 

110 Volt 

AC Line 
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SPRACO | 
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% Write for NOZZLE CATALOG to 


. SPRAY ENGINEERING CO. 


1 109 CENTRAL STREET + SOMERVILLE 45, MASS. 


































Copper-Base Alloy Electrode 


A new, coated beryllium-copper ele 
known as Beryl-Trode, is the latest 
base alloy electrode offered by Ameo 
Inc., 1745 S. 38th St., Milwaukee 4, 
These electrodes have a medium 
flux coating required for stabilizing 
arc. They can be used with cithe 
metallic- or carbon-arc process. 

The electrode is designed to weld 
made of beryllium-copper, such as rej 
welding jaws, seam welder wheels, etc 
deposits, when heat-treated, develop 
hardness, high-strength values simily 
the base metal. These electrodes are 
for joining, repairing cracks or defecy 
castings, and for building up of worp 
faces. They are made in two diameters, 
—5/32 in. and 3/16 in., in 14-in. leng 














This peening and scaling hammer i 
venient for such jobs as removing scale ail 
rust from the inside of cylindrical par 


Pneumatic Peening and Scaling Hamme 


A new air-powered peening and scalitf 
hammer, Model 7002, is\announced by Tht 
Aro Equipment Corp:, Bryan, Ohio. Thi 
tool is a hammer-type tool for removitl 
scale and rust on welded parts. It can als 
be used for removing sand on small cas 
ings and peening tubular rivets and othe! 
small parts. 

The tool delivers 5,000 blows pet 
yet will not distort light sheet meta! 
removing scale. The piston and c} 
are of alloy steel, precision ground 
all length of the hammer head is 2'8 © 
and the tool is 7 in. in length. It is sm? 
enough to get in the hard-to-reach places 

The connection between the hamme 
head and body can be any desired !e: 
Body of the tool is cast aluminum with 2v 
tomatic throttle valve. 
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Since the first use of steam, 170 
years ago, succeeding generations of 
engineers have known that the magic 


sshort cut to power was a turbine to 


directly utilize the hot gases of 
combustion. 

But always the insoluble problem 
was metal—a super-alloy for the rotor 
of the turbine which had to spin 
madly at a speed in an inferno of heat 
and pressure that no steel had ever 
before withstood. 

Then early in World War II, metal- 


lurgists of the Timken Company 
| 


pdeveloped an amazing new steel, 


designated ““16-25-6,"” which made 
possible the practical use of the AAF’s 
turbosupercharger. Engineers won- 
dered—would it be the answer to 


jet propulsion too? It was! Today 
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COPYRIGHT 1946 BY THE TIMKEN ROLLER BEARING CO 


-man will fly at incredible new speeds! 


an airplane that rips the sky faster 
than the speed of sound no longer 
is a wild dream. 

Thus 16-25-6, the most. important 


development in alloy steel to come out of 


the war, has made possible the war's most 
significant development in aviation. 

Important advances in alloy steel 
logically come from a laboratory 
which devotes all its time and facili- 
ties to making better alloy steels. It 
could be well worth while to have the 
Timken Technical Staff suggest bet- 
ter alloy steels for you or better ways 
to use them in your product. Write 
Steel and Tube Division, The Timken 
Roller Bearing Company, Canton 6, 
Ohio. Timken Bearings, Timken Alloy 
Steels and Seamless Tubes, Timken 
Removable Rock Bits. 








TIMKEN 


Trade-mark Reg. U. 5. Po. OFF: 


Sine Coy. 
STEEL AND 
SEAMLESS TUBES 








ABC OF A JET ENGINE. Air enters 
the centrifugal compressor (A) and 
is forced to combustion chambers 
(B) where fuel is burned. Air and 
gases at high temperature, feed 
through diffuser vanes (C) driving 
the turbine wheel of 16-25-6 (D) 
and shaft (E) carrying the com- 
pressor. Hot gas exhaust (far right) 
is the jet which thrusts the plane 
forward. 

In operation, hot expanding 
gases at 1700 degrees F. blast 
against the blades of the turbine 
wheel. Rim of the wheel reaches a 
red heat of 1200 degrees F. while 
spinning madly at 11000 R.P.M. 

Besides ability to absorb this 
destructive punishment, 16-2 5-6 has 
excellent weldability, good machin- 
ability and high resistance to scale 
and corrosion—all vital qualities in 
the success of the turbojet engine. 





® YEARS AHEAD — THROUGH EXPERIENCE AND RESEARCH 























OXYGEN-FREE 
HIGH-CONDUCTIVITY 
COPPER 


OFHC 


REG. U.S. PAT. OFF. 


NOW READY 


A DIGEST OF PUBLISHED INFORMATION 
CONCERNING OFHC COPPER IS NOW 
READY FOR DISTRIBUTION. 


WE WILL BE GLAD TO SEND A COPY TO 
METALLURGISTS AND ENGINEERS UPON 
REQUEST. 














THE AMERICAN METAL COMPANY, LTD. 


61 BROADWAY 
NEW YORK 6 NEW YORK 











Whenever an efficient yet safe metal 
cleaner is needed, Metso is the choice. 
It is a feature of most of the popular 
soft metal cleaners. 


Metso, more than just another alkali, 
has a soluble silica component. This 
not only improves cleaning effect, but 
also restrains corrosive action. 


metso 


That's why Metso cleaners are safer. 
They’re economical in use too. 















BE SURE WITH 


Contact your dealer or write us for 
samples and literature. 


Sodium Sesquisilicate U.S. Pat. 1948730, 2145749 
Sodium Metasilicate U.S. Pat. 1898707 


PHILADELPHIA QUARTZ CO. 
Dept. C, 125 S. Third St., Phila. 6 
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Metal Forming Brake 


The O’Neél-Irwin Manufacturing 
382 8th Ave. South, Minneapolis, \j;, 
announces a new development, the Dj-4,, 
Brake No. 4, which will duplicate , 
accurately in ductile materials such as , 
per, bronze, stainless steel, aluminum, 
metals and sensitized materials. . 

The machine has a special material cj 
ing action for making sharp bends; 
double-edge vertical folding plate 
possible close reverse bends, and an ag 
able material gage is said to assure precis) 
in all duplicated parts. j 

The original contact surfaces can 
changed on the job, thus increasing 
working range of the unit to cover ; 
forming of special and complicated pgp 
It is claimed that small parts, non 
produced by large hand or power operaps 
brakes, can be formed on this mode} 
advantage, since this smaller unit g; 
greater precision and higher product 
than is generally possible with 
machines. 


ae, 


A metal forming brake that can be used 10 
duplicate parts out of a variety of ductile 
materials. 
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Resistance Type Soldering Too! 


A resistance type soldering tool has been 
designed by Luma Electric Equipment Co. 
Toledo 1, Ohio, with two power unit 
models and choice of esght basic single o 
double carbon electrodes. The equipment 
is applicable to precision work and to heavy 
industrial operations. 

This type of tool offers the advantages 
that no pre-heating period is required, an¢ 
that the operating current is in use only 
when contact of electrode with job is made 
A 10-watt energizing current is used when 
not soldering. 

Work capacity with this resistance tyP* 
tool is said to be high. Another feature 
that on light work where the small diamete! 
electrodes are used, by attaching the © 
quired number of electrodes two or mort 
operators may safely and conveniently work 
from the same power unit with no differ 
ential in time or quality of work. 


—_.. == 


MATERIALS & METHODS 


tripped or Oversize Threads? 





don’t scrap pieces 
spoiled in production... 


SALVAGE them with 
HELI-COIL* INSERTS 








N every plant where cast, molded or forged parts are tapped 
for threaded fastenings, there is a damaged thread problem. 
Taps wear. Spindles wabble. The wrong speeds and the wrong 
taps can be—and are—used. The resulting work spoilage often 


he HELI-COIL Procedure runs into a high scrap-cost figure. 


is Fa sf nnd Simple: Heli-Coils are the proven answer to this problem. The most 
prominent manufacturers now use Heli-Coil Inserts in large 
1 Dri | | : quantities to restore threads damaged or tapped oversize. 








out . Heli-Coil Inserts are precisely engineered helical coils of stain- 

the 0 | d ; less steel or phosphor bronze wire, designed to exactly fit 

. : threads of American National coarse and fine profiles. They 

thr ed ds \> | restore the threads to correct size, and actually increase the 

ae strength of the tapped fastenings. Heli-Coils are lighter, more 
1, Re-tap . | ~e compact, and much easier to install than solid bushings. 


wi th | In addition to their wide application to production salvage 
HELI- COIL — . \ work, Heli-Coil Inserts are specified in many original installa- 
fap 5 4 4 ‘ ie tions—to strengthen and protect the threaded parts where 
| : = re abrasion and wear are apt to cause trouble. 








- 4, Instal l | Engineering data, in bulletin form, is now ready for you. Write. 
HELI-COIL i , | 
INSERTS i 7a. ENGINEERING REPRESENTATIVES 


') oa, Donald McClain D. Lynn Churchwell © Carl H. Henry Ronald H, Wixson 
with cand or a I Manchester, Conn. Lone Fountain, Va. Atlanta, Ga. Dallas, Texas 
power fools 





G. C. Brown, & A. W. Reader " 
J. S. Wise Royal Oak, Mich. W. E. Briece, 


Pacific Mutual Bidg. Pacific Airmotive 
Los Angeles, Calif. M. H. Miller, Salt Lake City 5, Utah Kansas City, Mo. 
NATIONAL DISTRIBUTOR IN CANADA 

George M. Watson & Co., Ltd., 287-295 King St., E. Toronto 2, Ont., Canada 


v V AIRCRAFT SCREW PRODUCTS COMPANY, we 
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TEMPERATURES 














TO WITHSTAND SUDDEN STRAINS 





Investigation of Aluminum Bronze Alloys is warranted by foundrymen and designers where 
metal parts are subjected fo either recurrent stresses or compressive forces and resistance to 
fatigue is sought; where the ability to withstand high temperatures or, where a high degree 
of corrosion resistance to many chemicals may be a significant factor in material selection. 
Supplied by Ajax in alloyed compositions of copper, aluminum and iron, as well as special 
alloys containing nickel and manganese, a complete selection of Aluminum Bronzes is 
available to meet all existing specifications as listed by Non-Ferrous Ingot Metals Institute, 
ASTM and the Federal Government. Ajax, in adhering to its policy pioneered in the very 
infancy of the non-ferrous metal industry, exercises the closest scientific control over the 
production of these alloys. Metal men may look to Ajax with continued confidence not only 
for supply of highest quality Aluminum Alloy ingots, but also for practical technical know-how 
on correct foundry practice for producing better castings with fewer rejects. 


PHILADELPHIA 23, PA. 


a ASSOCIATE COMPANIES 


AJAX ELECTRIC CO. @ AJAX ELECTROTHERMIC CORP. @ AJAX ELECTRIC FURNACE CO. @ AJAX ENGINEERING CO. 











Master Hands on Intricate Jobs use 
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Generators for Induction Heating 


Two companies recently announced 41 
tions to their line of equipment {, ; 
duction heating. 

Two new models of induction-type , 
tronic power generators, of 2 and 15 4 
watts output, respectively, for localized }, 
treating, brazing, and soldering of m 
are now in production by the Enpinoo»: 
Products Department, Radio Corp. of A 
ica, Camden, N. J. 

Both of the new power generator; 
electron tube units designed for the ,, 
version of electrical power from the c, 
mercial 60-cycle supply to a frequency , 
approximately 400,000 cycles per sec. 
2-kw. and 15-kw. generators, designate; 
the 2-BL and the 15-BL, are each compo 
of two units, the main generator unit 
an applicator unit. 

The main generator unit houses the his 
voltage rectifier, the main control and pp 
tective devices, and most of the high-+, 
quency components. The applicator wy 
houses the output current transformer 
its associated high-frequency elemenr, } 
is connected to the main generator by 25-4 
cables, permitting the location of the » 
plicator unit in any desired work positing 
within a radius of 25 ft. of the mi 
generator. 

Model “1400” is the newest high-fre 
quency induction heating generator, man). 
factured by the Induction Heating Cor) 
389 Lafayette St., New York 3. When full 
loaded, this unit is capable of delivering 
an output of 1400 Btu. per min, « 
approximately 25 kw. at a nominal fre 
quency of 375 kilocycles into a piece a 
work. It has a full-load input of 50 ku 
at 90% power factor, and operates on 1 
205-245 volt, 60-cycle, three-phase power 
supply. Since line voltages of 550 or 44) 
volts are common in some plants, provision 
is made for reducing these voltages to 22) 
volts through installation of a transformer 
between the line and the generator. 

The tube complement of this generator 
consists of two water-cooled oscillators and 
six rectifiers. These tubes are protected 
against damage by a new, patented time 
delay water system. This device automat: 
ically keeps water flowing through the water 
jackets of the tubes after the generator 1s 
turned off. 

This unit can be used as a heat source 
for brazing, soft soldering and fusing, “ 
well as for hardening, annealing, temper 
ing, stress relieving, forging, melting, shriak 
fitting, debonding, and expanding. 
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Oxygen Determination 
in Molten Iron and Stee! 


New oxygen determination apparatus !0! 
the analysis of the oxygen content of ope” 
hearth melts has been developed by Cen" 
Scientific Co., 1700 Irving Park Rd., “b 
cago 13. With this equipment oxys 
determination can be made while the bea 
is still in the finishing period. 

In the procedure, a sample is poutt? 
into a specially designed mold. A pice 


MATERIALS & METHODS 
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ITH so many unusual applica- 

tions of Stainless Steel to talk 
bout, we might be accused of harp- 
g on one string when we sing the 
erits of Stainless in such an every- 
Jay use as refrigerator shelves. 

But as a matter of fact—with the 
xception of its resistance to heat— 
practically every superior advantage 
hat Stainless offers is called into play 
n refrigerator shelving. Strength, 
ightness, resistance to corrosion and 
abrasion, brilliant permanent beauty, 
asy cleaning and easy fabrication— 
aj] are important. 

And particularly important is this. 
he U-S-S Stainless Steel Wire for 
his and similar applications is avail- 

able—for early delivery. So if you’re 
making egg beaters, draining racks, 
pot handles, soap dishes or, in fact, 


ANYTHING that can be made of wire, *« 


here is a ready source of supply of the 
finest available. 

In U-S-S Stainless Steel we offer 
you a perfected, service-tested stain- 
less—produced not only in many dif- 
ferent analyses, but in the most com- 
plete range of forms, sizes and fin- 
shes. Our Stainless Steel specialists 
are experts in its application. No 
matter what your product or in what- 
ever field it is used, they can give 
you practical advice on Stainless 

teel that will help you modernize 
and improve your line. 


U°:S°S STAINLESS STEEL 
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SHEETS - STRIP - PLATES - BARS - BILLETS - PIPE - TUBES - WIRE - SPECIAL SECTIONS 


AMERICAN STEEL & WIRE COMPANY, Cleveland, Chicago and New York 
CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY, San Francisco 
NATIONAL TUBE COMPANY, Pittsburgh 
TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham 


United States Steel Supply Company, Chicago, Warehouse Distributors 
United States Steel Export Company, New York 

























“PRECISION CASTING 


by the 
LOST WAX PROCESS” 


For the first time, a complete catalog 
designed to give the manufacturer of 
precision small parts, the full picture 
of the “Lost Wax” : 

* The story of “‘Lost Wax’”’ 

%& How the process works 

* Complete directory of equipment 

* Chock-full of information 

* Indexed for easy reference 


*& 32 pages, 8'/,"x11". 


EST. 1918 
Precision Casting Sales and Engineering 


64 W. 48th St. © New York 19 
Dept. M 








VITREOSIL 
PIPES 


Light weight. Electrically re- 


es atures. Free 


t temperature shock 
c material. 


acid liquids 4 


uniform quality. 
resistance of 


for conveying sintering; 


high vacuum, and 


ere techniques. Sizes uP 


details write 


to 30” bore. 


TUBING 


Has 
or Transparent. 
ae to Vitreosil Pipes but 





paque, Transluc 


rface; (2) glazed; 
(4) transparent. Made 


jameters and 
2 cifications. 


write for Bulletin No. 9 


four qualities—(1) sand su 


(3) satin surf 
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REET, NEW YORK 17,N.Y 






































































this sample is weighed and ing) 
through a mercury vacuum lock into 
induction furnace operating under yor 
At a temperature of 2800 to 3000 R 
sample melts in 20 sec., and all oxides 
reduced by the carbon present jp 
graphite furnace crucible. Resulting cyt, 
monoxide is then accurately 
the percent oxygen is computed frp 
simple equation. 
The apparatus is inclosed in a stee} from 
protected both electrically and mechani 
An Ajax-Northrup high-frequency 
verter, operating at 220 volts, 60 oa, 
supplies the power for the induction furps 





Ductility Testing Machine 


The Steel City Testing Laboratory, 334 
Livernois Ave., Detroit 4, announces a 
model ductility testing machine. Th 
are two types: a Model PA-2 with a js. 
000-lb. capacity for stock up to % in. thid 
a Model PA-3 with a 30,000-Ib. capac 
for stock up to 4 in. thick. 

The permanent head is piloted to te 
main cylinder body. This provides for te 
upper grip held in the head and the ox 
mounted on the piston always being com 
pletely concentric and for the penetra 
starting the cupping at the exact center g 
the opening in the grip. Another advanug 
of the multiple piston construction of thes 
machines is that the specimen is automata 
ically held between the grips with a loa 
in proper proportion to the one being ap 
plied in forming the cup. 

Operation of the machines consists of 
placing the specimen in the opening be 
tween the grips. The load is applied au» 
matically and uniformly to grip the 
specimen, followed immediately by th 
penetrator forming the cup. Then revers 
ing the control valve releases the pressure 
and all functioning parts return to thet 
original position and the specimen is & 
moved. Cupping tools and dies are sup 
plied to suit the various thicknesses of stock. 


Extruded Coating 
for Self-Hardening Electrodes 


A new extrusion coated self-hardening 
electrode has been announced by Afr Re 
duction Sales Co., 60 E. 42nd Street, New 
York 17. Manufactured by the Stoody Co, 
this electrode is said to have good at 
characteristics, working equally well with 
either an a.c. or d.c. machine. 

Some-of the advantages cited for the 
self-hardening electrode are: no slag inter: 
ference; more rapid deposition rate than 
dipped type electrodes; can be applied im 
all positions; no loss of hardness or wea 
resistance on multiple layers; solid dens 
deposits with a minimum of porosity; 
isfactory application within a wide range 
of amperages. 

Typical applications of the self-hardem 
ing electrode include hard facing in build: 
ing up worn areas of tractor lugs, shovel 
teeth, manganese steel crushing equipment 
hampers, dredge pump casings, wobblets, 
clutches, spindles, coupling boxes, bulldozer 
blades and various other equipment. 


MATERIALS & METHODS 
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CARBIDE ALLOYS DIVISION, Ferndale (Detroit) Michigan 
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THE SOLUTION: C-F Power Operated Positioners with Variable Speed Table Rotation from 
0 RPM and up were used to revelve the work under a Unionmelt Type UE-21 automatic 
welding machine. 


THE RESULT: Fully automatic welding which produced a clean, high quality fillet 1% in. 
across the face (see inset) and 36 ft. in length in one pass. No machining or spatter 
removal was necessary. 


If you need increased production, better downhand welding and lower costs in your 
welding department. C-F Hand or Power Operated Positioners should be your first choice. 
Write for Bulletin WP-22 and complete details. Cullen-Friestedt Co., 1314 S. Kilbourn Ave.. 
Chicago 23, Ill. 


positioned welds 


economical welds 





CULLEN-FRIESTEDT, CHICAGO 23, ILL. Se _-. meen beer me 











SIPAIREXS NO. 2 


Replaces hazardous sulphuric acid in 


pickling and cleaning iron and steel. 


SPAREX No. | is a scientifically developed and unusually 
safe granular dry acid compound which becomes active 
only when dissolved in water. 242 pounds of SPAREX 
No. 1 dissolved in 7 pints of water produces one gallon 
of highly concentrated pickling solution. 


SPAREX No. 1 is delivered to No objectionable fumes — re- 


you in dry granular form, safe places sulphuric acid for pick- 
to store and easy to use. Just ling iron and steel. Packed in 
pour into water and start pick- 24 pound cans or in 50 pound 


ling. Secure most effective re- bags. 
sults by heating. “to 85° F., 


Send iptive circular ay 


pric@iéale. Samplecan $1.00" post paid. 


ALEXANDER SAUNDERS & CO. 


Succ. to J. Goebel & Co.—Est. 1865 
Precision Casting Equipment and Supplies 


95 BEDFORD ST. NEW YORK CITY 14 
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Tungsten Carbide Rolls for Colg 
Strip Mills 


Kennametal Inc., Latrobe, Pa., has 
nounced the development of solid tq, 
carbide rolls for cold metal strip mijj, 

The characteristics of these rolls ; 
high strength and hardness for lor 
ing qualities under heavy loads: 
ulus of elasticity—two to three time, 
of steel—for resisting deflection under }; 
pressures; uniform, close-grained p} 
structure which gives the rolls a high » 
and which is imparted to the strip, 


These solid tungsten carbide rolls have bigs 
strength and hardness characteristics, 


The torsion strength of these rolls 5 
said to be superior to carbon steel and only 
slightly inferior to alloy steels. Their m 
sistance to pick-up of carbide grains 
roughen the surface enable these rolls 4 
hold their high luster. 

Kennametal rolls are producing a 15 
micro-inch finish on nickel strip and it is 
reported that equally good results are attais 
able in rolling carbon and stainless sted. 


Perpendicular Type Dial Indicator 


A new type of universal indicator con- 
structed with the dial perpendicular to the 
axis of the body of the instrument has been 
put on the market by Federal Produc 
Corp., Providence, R. I. The perpendicular 
location of the dial makes this indicator 
useful for general machine shop, tool room 
and inspection jobs. The instrument is espe 
cially adaptable for jig borers, and also for 
certain drill press and milling machine ap- 
plications, where the perpendicular position 
of the dial greatly improves readability, 
resulting in greater accuracy. Dovetail, 
friction clamps and rods provide for the 
setting of the indicator to check a wide 
range of hole sizes, with the dial in 4 
horizontal position. 

Models 5 and 6 (English) are graduated 
.001 in. and .0001 in. respectively. Models 
7 and 8 (Metric) in .0024 mm and Ml 
mm respectively. The instrument has sift 
ple direct combination of lever and crowl 
gear movement and jeweled bearings. 


Diesel Engine-Driven Arc Welder 


The Hobart Brothers Co., Troy, Ohio, 
announce a diesel engine driven arc wel 
of 300-ampere capacity, especially made for 
use in locations where electric power * 
not available. 

The welder is equipped with yntrols 
that permits the operator to make volta 
pere adjustments right at the work. Other 
features of the welding generator include 
separate excitation and two way ventilation. 


MATERIALS & METHODS 
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Kodak X-ray Fixer eliminates . 
d for two powders . . . is easy 


mix, quickly soluble 


aa 


si ein semaine steal noi se A 


you're a radiographer, you’re pretty sure to be 
enthusiastic about this new formula developed 
Kodak’s research laboratories. Here’s why... 
.it gives you—in one powder—all the ingredients 
necessary to fix and harden x-ray film. 


.It simplifies your darkroom routine...saves you 
the time and trouble of dissolving two powders 
separately ... then combining the two solutions. 


's sealed for safety. . .. It’s easy to open... 


ASTMAN KODAK COMPANY 


“RAY DIVISION > ROCHESTER 4, N. Y. 


... it’s as simple to prepare as a liquid fixer... yet has 
the uniform high quality, the long life, low stain 


potential, and low cost of the old multiple powders. 


Available now in five-gallon and one-gallon sizes, 
Kodak X-ray Fixer comes to you in cans which are 
hermetically sealed but easy to open. Order this 
single-powder fixer from your x-ray dealer 
find it will make your film processing easter. 


you ll 














Sheet, Wire, Tubing, Gauze and Fine Foils. 


Laboratory Wores of all description: 
Stills, Retorts, Electrodes, and Special Process 
Equipment to order. 

Catalysts of the Platinum Metals; Oxides, 
Sponge, Black and Chlorides. Platinum and Pal- 


ladium on carriers. 


Palladium, Iridium, Osmium, Rhodium and 
Ruthenium. 


HIGHEST PRICES PAID 
FOR SCRAP PLATINUM 


a 4 





Sheet, Foil and Ribbon, pure and in alloy. 
Seamless Tubing. Laboratory Apparatus and Pro- 
cess Equipment. 


Karat Golds. Fine Gold Anodes. 





Fine, Sterling and Coin Sheet, Wire, Circles 
and Foil. 

Fine Silver Anodes. Rolled, Cast or in Shot 
Forms. 

Silver Brazing Alloys and Fluxes for every 
industrial requirement. 

WE INVITE YOUR INQUIRIES AND 

WILL BE GLAD TO SEND ON 
REQUEST OUR NEW FOLDER C-20, 


“PLATINUM, GOLD & SILVER FOR 
SCIENCE, INDUSTRY & THE ARTS” 


THE AMERICAN PLATINUM WORKS 


‘Rim. ia. AVE NEWARK 5. WN 


METALS SINCE 1875 


ERSEY R_R 


PREC ous 











The welding generator has a rating of 
300 amperes at 40 volts. Current range for 
welding duty is from 20 to 40 volts, 60 to 
375 amperes. It is a single operator vari- 
able voltage type, with 4 laminated main 
poles and four interpoles (commutating 
poles). Pole pieces are removable. This 
unit also has oversize, 4-pole exciter built 
in on main shaft that insures quick arc 
recovery and build up, and eliminates ac- 
cidental polarity reversal. 

The entire unit is enclosed in a steel 
canopy with hinged side panels and door 
latch that allows the panels to snap closed. 
The welder (stationary model) weighs 
2,637 Ibs. dry and can be mounted on 
wheels, trailer or truck for easy portability. 

This company also announces a new 
welding booth for production welding. 

The booth is 914 ft. wide, 94% ft. deep 
and 7 ft. high, constructed of fabricated 
panels of 16 gage sheet steel formed with 
companion flanges, punched on 12 in. 
center for bolting assembly. The door is 
the sliding type with overhead track, and 
measures 43 in. wide by 78 in. high. 


Metal Forming Presses 


A new 100-ton capacity single action 
press has been added to the line of metal- 
forming presses produced by Watson-Still- 
man, Roselle, N. J. It provides a number 
of methods of control for correct metal- 
forming. Control is provided for both 
manual and automatic single cycle opera- 
tion with reversal by either pressure or 
position. Position is controlled by adjust- 
able slowdown. Also, inching control is 
arranged for die setting. In addition, it has 
full-range adjustment control of pressing 
speed. 

This machine has a prefill system for 
a rapid transverse stroke. It comes with 
a cooler for maintaining oil at proper op- 
erating temperature. Among standard equip- 
ment are two radial piston type pumps 
connected to a 100-hp double end ball bear- 
ing motor as a pumping unit. Operating 
speeds are 775 in. per min., advance; 225 
in. per min., pressing; 775 in. per: min., 
return. 

The same company has also announced 
a new 500-ton fully hydraulic hobbing press 
for precision hobbing and die-sinking. The 
platens are of open-hearth steel castings 
with surfaces tooled to a smooth finish and 
accurately bored for the columns. They are 
suitable for full capacity loads on a small 
area. The cylinders are constructed of open- 
hearth steel, the columns of steel forgings, 
and the rams of close-grained iron castings. 


@ A new portable pyrometer, kit has been 
introduced by Wheelco Instruments Co., 
847 W. Harrison St., Chicago 7. The kit, 
known as Model 2863, is compact and 
light-weight, containing a high resistance 
portable pyrometer, a straight type exten- 
sion with adapter for iron-constantan sur- 
face thermocouple, and an assortment of 
thermocouples. An additional adapter is 
furnished for use with the bare and prong 
thermocouple tips, which are also included 
in the kit. 








BRICKSEA| 


REFRACTORY COATIN 


ABRASION 


ROTECTION against abrasion is an 
outstanding advantage of Brickseal; 
Here are two refractory bricks, one 
coated with Brickseal, the other un. 
coated. They were heated to more than 
2000°, taken directly from the furnace, 
cooled and shoved against an emery 
wheel. Hot and cold, the Brickseal. 
treated brick resisted the abrasion -se 
below. 


Brickseal consists of high fusion clays 
and metal oxides combined in oil. Fur. 
nace heat burns away the oils and vitri- 
fies the clays and metals which penetrate 
deeply into the pores, cracks and joints. 
Brickseal prevents cracking, spalling 
and slagging regardless of sudden tem- 
perature changes. Brickseal is also 1 
mortar for laying up refractory walls. 


Compare the Brick- 
seal-treated brick at 
the leit to the un- 
treated at the right. 


together and per: 
tially coated wit 
Brickseal will be 
matled te you on 
réeq@mest. 


BRICKSEAL 





REFRACTORY COATING 


$800 So. Hoover S$t., los Angeles, Colif 


1029 Clinton S$t.. Hoboken, New Jerse! 


MATERIALS & METHODS 
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Foster Wheeler Corporation uses Alcoa Aluminum 
gill rings on its economizer tubes to reduce weight 
and space. The reduction in space is due to two 
characteristics of aluminum—the ability to pro- 
vide more surface per foot and the higher rate of 
heat transfer. (An economizer recovers heat which 
would otherwise be wasted up the stack, and uses 
it to raise the temperature of boiler feedwater.) 
Aluminum’s high heat conductivity speeds the 
transfer of heat into the water. 


Aluminum’s high resistance to corrosion helps 
account for the long life of these economizers. 

Die-cast by Alcoa, these gill rings, as received 
by Foster Wheeler, need no finishing to prepare 
them for assembly. Alcoa Aluminum die castings 
have close dimensional tolerances and smooth 
surfaces. 

Whether you’ve a problem of heat transfer or a 
need for die castings, we are ready to serve you. 
Call the nearby Alcoa office, or write ALUMINUM 
Company oF America, 2162 Gulf Building, Pitts- 
burgh 19, Pennsylvania. 


PG edey Wray trin 
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Why it will pay 
you to use 


OAKITE 
SOLUBLE OIL 


for 


WET 
GRINDING 
and 


MACHINING 




















An ever growing number of 
machine shops are reporting 
that Oakite Soluble Oil con- 
tributes to precision work, 
helps turn out a better finish, 
assists in extending tool life. 


Used as a coolant on wet 
grinding work, Oakite Solu- 
ble Oil has uniform, stable, 
well-balanced emulsifying 
properties that help keep 
wheels clean and free-cut- 
ting. This means that less 
dressing is necessary 

that an excellent finish is 
assured. Odakite Soluble Oil 
has remarkable rust-prevent- 
ing properties. It is resistant 
to rancidity. And because of 
its great dilution ratio, it is 
extremely economical. 


Data FREE! 


Technical Data describing 
the most effective way to use 
Oakite Soluble Oil in ma- 
chining, grinding and similar 
operation is yours FREE for 
the asking. Write TODAY! 


OAKITE PRODUCTS, INC. 


34E Thames Street, New York 6, N. Y. 


Technical Service Representatives Located in All 
Principal Cities of the United States and Canade 
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@ A plastic folding machine has been de- 
veloped by the Plastics Equipment Dw., 
Taber Instrument Corp., No. Tonawanda, 
N. Y. With this machine plastic sheeting 
of from 0.005 to 0.020 in. in thickness can 
be folded into a “U” type-180-deg.-fold, 
with the sides tight together. The average 
operator can produce 700 formed folds an 
hr. with this equipment. 


@ A new type of coolant concentrate, 
known as Cool-Cut “X”, has been formu- 
lated by Paul Swartz, 122 E. 42nd St., New 
York 17, for use as a coolant in the sawing, 
drilling, grinding and machining of plastic 
materials. The coolant utilizes a principle 
in its operation in which films of colloidal 
particles in effect act as ball-bearings in 
reducing friction at the working surfaces. 
The concentrate is mixed with water, 10 
to 50 parts of water. Richer mixtures are 
used for drilling, while lean mixtures are 
suitable for grinding and sanding. 


@ Sand-O-Flex Corp., 4373 Melrose Ave., 
Los Angeles, have announced a new, brush- 
backed sanding wheel to be identified as 
Sand-O-Flex Model 350-B. This wheel can 
be used on any electric motor shaft; a 
1/6-hp. motor or a 4-capacity electric hand 
drill is adequate. Recommended speed 
ranges from 400 to 1750 rpm. 


@ Development of an attachment to adapt 
any standard oxyacetylene welding torch for 
body soldering, tinning and light brazing 
with an acetylene-air flame, has been an- 
nounced by the Acet-A-Tip Co., 5069 W. 
Madison St., Chicago 44. The attachment 
is fastened to the welding torch tip by 
means of a base, fitted with a 2-in. length 
of heavy-duty two-ply hose. The hose is 
forced over the welding torch tip, provid- 
ing positive attachment. 


CORRECTION 


In the item, “New High Pressure Die 
Casting Machines,” appearing in our July 
issue, the illustration of The Hydraulic 
Press Manufacturing Co. die casting ma- 
chine was misplaced in relation to its de- 
scription. The photograph was mistakenly 
positioned among the text describing the 
Hydropress, Inc. equipment. 






















Dies built of Strenes Metal are 
usually available for use quicker 
because there is far less machining 
time involved—a cost economy. 


Strenes Metal dies invariably 
deliver several times the usual nun- 
ber of stampings between redress- 
ings, regardless of the depth of the 
draw—da_ production advantage. 


Heaviest users of Strenes 
Metal dies include car, truck, trac- 
tor, farm implement manufacturers; 
also stove, refrigerator, casket and 
vault builders. 


> = 


= = = 


Perhaps you should be using 
Strenes Metal dies. Send in your 
drawings for study and estimates. 
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“White Carbon-Black” for Tires 


~ gine . 
. th milestone im the develop 


co be made the same color as automobile 
bodies. The new compound, which is the 
key chemical, is a powdery, fumed silica, 
obtained by subjecting sand to a long series 
of chemical reactions. The material has 
been nicknamed “white carbon-black”, or 
white soot It gives the tire the same 
toughness as does carbon black, but without 


‘ tals 
i11SCOI0Ta0nION 


Aluminum Awning With Vents 


: 1 a ventilated 
minum awning for windows where air 
freely circulated through a series of vents 

louvers which carry away solar heat 
where the construction screens out 
sun rays, but admits indirect light. 
imventor claims a cooling of summer 


fh 
‘) 


termperatures of 10 to 20 F 


Tantalum Found Nearer Home 
Discoveries of new sources of tantalum 
near Ross Lake in Northwest Canada 
promise more widespread use of this metal, 
which has proved indispensable in elec- 
tronics, medical and chemical fields. It is 
a hard, ductile metal, resistant to most 
acids and inert corrosion, with high melting 
It will find favor in high temperature 
uch as jet motors. Heretofore 
) Australia, Central 

America 


Protective Coating for Metal 

An effective temporary protective coating 
for metal parts, reputed to be satisfactory 
against rust, corrosion and salt water, may 
be adopted soon in this country from the 
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s composed of “wool fat”, 

il, natural resin, “white spirits,” 

le die. It is applied with a 
rush, dries rapidly and is removed 


Magnesium for Silent Boat Power 


[here is believed to be a sizeable market 
> 


for a lightweight battery of a type developed 
during the war which moved light boats 
silently through the water so as to avoid 
enemy detection. The peace use would be 
for fishing, the silence not disturbing the 
fish. A simple rack supporting cathodes 
and magnesium anodes can be submerged 
nN sea water to supply power. When power 
wer needed, the rack is raised out 
f the water. Additional plates can be 
ped into the rack to replace worn plates 
easily than refilling a gasoline 


r 


Cold-Rolled Leaded Steel 

Where lead-coated steel will be used 
henceforth—where lead scarcity is not too 
prohibitive—the most technique-wisé metal 
workers will cold roll the material after 
coating to cause fewer and smaller pin- 
holes, thereby making the coating last 
longer. Cold reduction to an elongation of 
1.5 to 2.0% is recommended by Battelle 
Memorial Institute. This war time “know 
how” is now being revealed to civilians. 


iron Powder Direct From Ore 
Borrowing from the Germans, Americans 
may prepase iron powder directly from 
pulverized iron ore by teducing the ore at 
low temperatures. The Germans learned 
that the size of iron ore particles remain 
unchanged if the ore is reduced at 1110 
1380 F. Thus, the particle size of pow- 
dered iron can be predetermined through 
pulverization of the ore. Pulverization is 
more readily done before reduction since 
ore is more easily broken up than soft 
iron. Reduction should be done in several 
stages, permitting purity removal between 


stages. In the early stages 1290 to 1615 F 


is permissible with 1110 to 1380 F finally 


New Ceramic Coatings 
More details are available concerning 
new ceramic coatings for high temperature 
protection of low carbon steel, discovered 
by the Navy, and to be adapted to peace 
use, as described in these columns in July. 
One compounds a _ heterogeneous layer 
through mechanical admixture of calcined 
aluminum oxide and conventional ground 
coat frit. These coatings resist failure under 
repeated thermal shock, protect against 
oxidation at 1250 F, resist cracking and 


blistering, and produce no glare 


Cheaper Electrical Condensers 

A new type of electrical or electron 
condenser, as far as the U.S.A. is concerned, 
may have the usual metal foil replaced by « 
very thin, vaporized zinc coating applied 
directly upon the paper dielectric. It heals 
automatically after an electric breakdows, 
is 40% smaller than the paper and.foil 
type, with production costs 20% less. 


More About Tomorrow’s Automobile 

The not-far future light 5-passenger auto 
will have rubber torsion springs, indepet- 
dent wheel suspension and hydraulic sett: 
ing. Springs may consist of rubber cylinders 
bonded internally to central shaits and 
externally to outer shells, one stationary and 
the other rotated by a wheel support am. 
Front suspension will comprise single whee 
support arms mounted diagonally from th 
dash on the outer member of cylindric! 
rubber torsion springs. Steering will 
done by two balanced hydraulic circuits 
one a hydraulic tie rod between the fro 
wheels, the other a pump circuit, kept unee 
minimum positive pressure by a sprine 
loaded reservoir. Rear suspension will b 
of the independent swinging axle typ¢, with 
universal joint at each wheel. 


MATERIALS & METHODS 








